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SUNMARY 

4 106;OOO gallon f e m e n t e f i m  t e n k  

must to'produce a white blEn3inc r;ine ES test?d f o r  159 hours 

during which ethanol emissions v;ere cmrinuously monitored. Carbon 

dioxide (C02), oxygen (25)  ~ t e x e r a i u r e ?  and  exhzust g a s  volumes 

were a l so  measured. 

f i l i e d  w i t h  90,COO gal lons o f  

Fermentation exhaust gas t e q e r z t u r e s  wre  a constant 53OF. 

The average ethanol concentration was 3,640 par t s  per mil l ion (pprn) 

Based on t h i s  concentration and  a t o t a l  measurcd gas volume o f  

310,060 f t 3 ,  the est inated m s s  o f  ethanol e r i t t e d  t o  atmosphere 

was 137 lbs i n  159 hours.  This correspmds t o  2 nass emission 

r a t e  o f  approximately 0.86 lbs /hr .  o r ,  ;/hen ex?ressed i n  terms 

of gallons of wine j u i c e  fermented, 1.52 l b ~ / l 3 ~  ga l .  

Other exhaust Gas components an t  t h e i r  detemlined concentrations are: 

co2 99.6% 

HSS 1.1 ppm 

< .2 ?pm so2 

CK3SH . .036 p p ~  

No oxysen was detected i n  the  exhzuct (12s; 
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IV. TEST METHODOLOGY & EQVIPElENT 

All emission measuremznts were taken a t  the ie r ren t2 t ion  t a n k  

vent hatch. 

turbine meter was attached. 'Ports  on the a d a p t o r  accomodated 

( 1 )  the sample l i n e  f o r  continuous gaseous measure men:^, ( 2 )  

a thermocouple f o r  exhaust gas temperature measurements, and  

( 3 )  a p i t o t  tube for  veloci ty  pressure measurements. E x h a u s t  

gas volume was metered t h r o u g h  the turbine and the voluae t r ic  

rate determined by dividing the exhaust gas volume by the 

correspond<ng time interval  during which the voluce was 

measured. T h i s  was cross  checked by p i t o t  tube measurements 

and ARB Flethod 1 - 2 ,  "&termination of S tack  Gas Velocity a n d  

Volumetric Flow Rate (Type S P i to t  T u b e ) . "  

carbon dioxide ( C O z ) ,  and  ethanol (.C2H50H) concentrations 

were continuously measured by analyzers located inside a 

mobile van parked a t  . the  base of the fermentation tank. 

heated sample l i n e  was used t o  prevent condensat ion 

a s  the  sampled gas was being drawn from the vent hatch t o  

the  v a n .  

The  hatch was f i t t e d  with an adaptor t o  which a 

Oxygen ( O z ) ,  

A 

The evaluation t e s t  equipment used and the sam?ling s i t e  where 

the  measurements were taken are ident i f ied  in  Figure 4 .  The 

arrangement of the turbine meter and  the adaptor i s  i l l u s t r a t e d  

in  Figure 5 .  
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The parameters monitored and the measurement methods used a re  

l i s t e d  below: 

Total Hydrocarbons: A Beckman Nodel 400 continuous analyzer 

measured hydrocarbon concentrations w i t h  a flame ioniza t ion  

de tec tor  (FID). 

a response f a c t o r  t o  ethanol was determined. 

The analyzer was ca l ib ra t ed  wi'th propane and 

Oxygen: Oxygen was measured with 2 Seckrnan Model F-3 continuous 

02 analyzer equipped w i t h  a paramagnetic detect ion system. 

Carbon Dioxide: A n  .Anarad Nodel 530 analyzer with a nondispersive 

inf ra red  de tec tor  ( N D I R )  continuously monitored Coi l  concentrations.  

Grab Samples: 

2 l i t e r  g l a s s  f l a sks  and analyzed f o r  t o t a l  hydrocarbon, 

e thanol ,  C02, 02, s u l f u r  dioxide (SO2) ,  hydrogen s u l f i d e  (H2S) ,  

and  methyl mercaptan, 

Grab samples of t h e  exhaust gas were taken i n  
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V. DISCUSSION OF RESULTS 

The ,fermentation of 90,000 gal lons o f  S t .  Emillion grape j u i c e  

took 216.5 hours, s t a r t i n g  on October 13 ,  1930 a t  7:30 a.m. and 

ending on October 22, 1980 a t  8:OO a.m. 

was i n i t i a t e d  by the inoculat ion of the  grape j u i c e  with yeas t .  

The degrees Brix measured w i t h  a hygrometer a t  the  time of 

inoculat ion was 20.5. The Brix s c a l e  i s  a measure o f  the  

concentration of sugar i n  solut ion a s  grams of  sucrose per 

100 grams of  l i q u i d .  

t h i s  determination: 

meter procedure. 

i s  presented i n  Appendix 11. 

complete by United Vintner’s winemaker when the  degrees Brix 

was reduced t o  2. 

The fermentation process 

Two methods a r e  typ ica l ly  used f o r  making  

the  hygrometer procedure and  the  re i rac to-  

The methodology involved with bo th  prscedgres 

The fermentation was judged t o  be 

The A R B  evaluat ion t e s t  began on Octdber 15  a t  5:00 p .m. ,  57.5 hours a f t e r  

the inoculum was introduced i n t o  t h e  tanks.  

evaluat ion t e s t  was 159 hours, represent ing d a t a  co l lec t ion  for  

73 percent of the fermentation process.  

period, the following parameters,were monitored: COz, 02, and  

ethanol concentrations in  the  exhaust gas; ambient and exhaust 

gas temperatures; exhaust gas volumetric flow ra t e .  

The duration o f  .;he 

During the t e s t  

The exhzust gas was predominantely composed of carbon dioxide 

a n d  e thanol ,  with t r ace  amounts o f  hydrogen su l f ide ,  s u l f u r  

dioxide and mercaptzns. As expected from an anerobic process,  

measurable amounts of oxygen were not present .  Table I 1  l i s t s  
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the exhaust Gas comDonents in descending order w i t h  respect 

t o  t h e i r  measured concentr'ations averaged over the t e s t  period. 

TABLE I 1  

. FERMENTATION TANK EXHP.UST GAS CO:IPO!iENTS 

Exhaust Gas 
Component 

Concentration 

co2 

C2H50H 

99.6% 

0.4; 

H2S 

Analysis o f  the  exhaust gas by continuous analyzers shoNed 

ethanol concentrations t o  increase s t ead i ly  with respect t o  

time while C02 remained constant.  

increased from 1,YOZ par t s  per mil l ion a t  the beginning of the 

t e s t  t o  4,565 ppm a t  the  end of the t e s t .  

evaluation t e s t  coincided w i t h  the completion of the fermen- 

t a t ion  process. The average ethanol concentration over the  

159 hour t e s t  period was approximately 3,640 ppm. Measured 

values o f  C02 concentration remained a t  over 99 percent 

throughout the t e s t  period while,  in  con t r a s t ,  no oxygen was 

detected.  

The ethanol concentration 

T h e  end of the  A R B ' S  

. 1 .1  ppm 

Based on a n  averaged ethanol concentration value of 3,640 ppm and 

a t o t a l  measured exhaust gas volume of 310,06@ f t 3 ,  the estimated 

SO2 

CH3SH 
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mass of ethanol emitted t o  a t x s ? h e r s  during the  fermentation 

orocess was 137 pounds ( l b s )  in  153 hours. This corresponds 

t o  a mass emission r a t e  of a p ? r o x i x t e l y  0.86 l b j / h r .  

na t ive ly ,  when expressed i n  terms o f  aal lons of wine j u i c e  

Alter-  

fermented, the emission r a t e  i s  zpwJximately 1 . 5 2  lbs/lO 3 

gal .  This compared c lose ly  with an sthanol emission f ac to r  of  

1 .45 lbs/103 ga l .  calculated per an zquation c i t e d  in  .the 

Environmental Protection kgencies '  pybl ica t icn  e n t i t l e d ,  

"Compilation of Air Pol lu tan t  Cmissim Factors" ,  commonly 

re fer red  to  as AP-42. 7h2 calcu1a:ion and AF-$2 equation 

a r e  presented in  Appendix 111. 

A composite p lo t  o f  ethanol concen:ration and emission r a t e  

versas time i s  presented i n  !. As previously mentioned, 

exhzust gas ethancl concentrations s t e a d i l y  increased during 

the t e s t .  Correspondingly, ethanol emission ra tes  were 

decreasing. 

t o  the dominance of decl ining exhaust gas volumetric flow 

over increasing concentrations as the fermentation process 

approached completion. Graph 11. i l l u s t r a t e s  the  change i n  

flow ra tes  with respect  t o  time. 

The diminishing eqiss iun r a t e s  ke:e a t t r i b g t e d  

Ambient and  exhaust gas  te rpera tures  a r e  p lo t ted  on Graph 111. 

Asbien: temperatures varied l i o rna l ly .wh i l e  t h ?  exhaust Sas 

temperatures remained r e 1 a t i : ~ : y  c x s t a n t .  Exhaust gas ten- 

i e r a t u r e s  r e f l ec t ed  the canstant  : ? r k  te,zperatures t o  which 

the fermenting must wzs subjected.  

A-7 



APPENDIX B. 



EAL Corporation 

FINAL REPORT 

CHARACTERIZATION OF ETHANOL EMISSIONS FROM WINERIES 

Submitted to:  

Research Divis ion 
California Air Resources Board 

on 

July 19,  1982 

By: 

EAL Corporation 

Principal Invest igators:  

Mr. David R .  Fielder (Technical Services Manager) 
Mr. P h i l i p  A. Bumala ( A i r  Program Manager) 

Reference: 

Mr. Joseph A .  Pantalone (Contract Officer) 
California A i r  Resources Board Agreement 

N O .  AO-071-31 

EAL Work Order No. 64-6003 



EAL Corporallon 

METHODS 

s a m p l e  C o l l e c t i o n  

An e x t r a c t i o n  method was employed in which a known volume o f  gas, 

v i thdrawn from t h e  f e r m e n t a t i o n  exhaus t  stream. was bubbled  through a s e r i e s  

of t h r e e  l a r g e  Greenburg-Smith imp inge r s .  

vere s e p a r a t e d  from t h e  t h i r d  in o r d e r  t o  v e r i f y  a n  a c c e p t a b l e  c o l l e c t i o n  

e f f i c i e n c y .  

The f i r s t  two impinger  c o l l e c t i o n s  

, 

EAL p e r s o n n e l  had p r e v i o u s l y  conducted a l a r g e  scale  e m i s s i o n  test o f  an 

a c e t a t o r  t ank  in Oakland,  C a l i f o r n i a .  The p r o c e s s  i n v o l v e s  h e a t i n g  a s o l u t i o n  

o f  6% ace t ic  a c i d  and 6% e t h a n o l  to 86°F w h i l e  blowing a i r  through i t  a t  a 

r a t e  of  1 7 0  m 3 p e r  hour  ove r  a 32 hour  p e r i o d .  O x i d a t i o n  o f  the e t h a n o l  

occur s  t o  produce an end p roduc t  c o n t a i n i n g  12% ace t ic  a c i d  and 0.5% e t h a n o l .  

These c o n d i t i o n s  c l o s e l y  approximate  t h o s e  o f  a wine f e r m e n t a t i o n  t a n k .  

Our sampl ing  t r a i n  f o r  t h e  a c e t a t o r  t e s t  c o n s i s t e d  o f  a set  of three i m -  

p i n g e r s  c o n t a i n i n g  100 mL each  o f  a 0.1M NaOH s o l u t i o n  (NaOH added t o  assist 

a c e t i c  a c i d  a b s o r p t i o n ) .  Subsequen t ly ,  t h e  c o n t e n t s  o f  t h e  f i r s t  t v o  i m -  

p i n g e r s  were ana lyzed  s e p a r a t e l y  from t h a t  o f  t h e  t h i r d  t o  check  a b s o r p t i o n  

( c a p t u r e )  e f f i c i e n c y .  The f i r s t  f o u r  s amples  c o l l e c t e d ,  d u r i n g  t h e  i n i t i a l  

h i g h  a l c o h o l  c o n t e n t  p o r t i o n  o f  t h e  c y c l e ,  had  a n  a v e r a g e  c o l l e c t i o n  

e f f i c i e n c y  of  92% in t h e  f i r s t  two impinge r s .  Th i s  i n f o r m a t i o n ,  coupled  w i t h  

t h e  s t a t i s t i c a l  e v a l u a t i o n  o f  impinger  c o l l e c t i o n  e f f i c i e n c e s  c o n t a i n e d  i n  t h e  

J U C A  a r t i c l e  "Es t ima t ing  O v e r a l l  Sample Train E f f i c i e n c y "  d e m o n s t r a t e s  t h a t  

f o r  t h e  complete  t h r e e  impinger  t r a i n ,  a n  o v e r a l l  c o l l e c t i o n  e f f i c i e n c y  o f  

g r e a t e r  t han  99% was ach ieved  . (1) 

A sample i n t e r f a c e  and a l l  connec t ions  were made o f  g l a s s  and  t e f l o n .  

A thorough leak-check o f  t h e  c o l l e c t i o n  t r a i n  was performed p r i o r  t o  each 

tes t  a t  a 10" Hg vacuum f o r  s i x t y  seconds  w i t h  a maximum t o l e r a n c e  of  0.02 

f t 3 0 f  vo lune  change.  

and d r y  gas  meter c o n d i t i o n s  were c a r e f u l l y  moni tored  (Ref .  F i g u r e  1). All 
t h e  p rocedura l  i t e m s  c o n s i d e r e d ,  t h e  c o l l e c t i o n  method had t h e  advan tage  o f  

s i m p l i c i t y ,  p rox imi ty  t o  t h e  s o u r c e  (minimiz ing  e t h a n o l  w a l l  l o s s e s  and 

chances o f  l e a k s  w i t h  a l o n g  sample l i n e ) ,  and v i r t u a l l y  no problem w i t h  

e n t r a i n e d  n o f s t u r e .  

The sampl ing  r a t e  ( c u b i c  f e e t / m i n ,  cfm) test d u r a t i o n  
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Ethanol Analysis 

The determination of ethanol concentrations (ppm v/v (aq)) in the 

impinger collections was accomplished by gas chromatography. 
was directly injected onto an FFAP column and ethanol was quantified with a 
flame ionization detector operating at a lower detection limit of 5 ppm by 
weight, (Ref. Sample Calculations in Appendix). .This lower detection limit 
corresponds to a 0.4 ppm by volume concentration in the gaseous phase. 

An aliquot 

Fermentation Exhaust Volumetric Flow Rate 

The fermentation exhaust flow rates for the red and white wine tanks were 
measured.with a turbine meter (totalizer) provided by the California Air 

Resources Board (CARB). Hourly readings were taken throughout the duration 

of the fermentation periods.. 

Quality assurance 

Sample integrity was maintained by strictly controlling containment, 

identification, and shipping of the samples. Directly following each 
impinger collection, the absorbing solution was transferred to clean 
polyethylene bottles. 

mininal head-space with carbon dioxide. 

labeled as to run number, time, location and finally refrigerated and/or 
placed on ice for shipment to EAL for immediate analysis. 

Oxidation of ethanol was prevented by purging the 
The sample bottles were then 

Impinger collection train efficiency was monitored in the field by 

periodically obtaining a gas grab bag from the train exhaust and analyzing 
the contents with a Draeger tube. 

at a lower detection limit of 2 pprn by volume. 

Ethanol breakthrough was not indicated 

The sampling and exhaust monitoring methods called for the use of 
only two measurement devices, which were the gas turbine and dry gas meters. 
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EAL Corporatlon 

F u g i t i v e  Emissions 

Samples were collected for fugitive ethanol emissions using the same 

impinger train illustrated in Figure 1, omitting the sample line and locating 
the train in selected sites for area sampling. 

Analytical procedures were identical to those mentioned for source 

sampling. 

A number of process handling procedures were evaluated and ethanol 

fugitive emissions estimated based on building ventilation and production 
activity during testing. 
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EAL Corporatlor. 

The United V i n t n e r s  Ehdera f a c i l i t y  was chosen f o r  i n i t i a l  s o u r c e  

t e s t i n g .  

t a n k  f i t t i n g  a d a p t e r s  t o  f a c i l i t a t e  c o n n e c t i o n  o f  ou r  t e s t  a p p a r a t u s .  

a d d i t i o n ,  b o t h  H r .  Sanbongi and  M r .  J o e  Rossi, winemaker, were a b l e  t o  

a r r a n g e  f e r m e n t a t i o n  s c h e d u l e s  and p rocedures  which a s s i s t e d  o u r  p e r s o n n e l  

w i th  t h e i r  tests. 

Mr. Kaz Sanbongi was ex t r eme ly  h e l p f u l  i n  p r o v i d i n g  f e r m e n t e r  

In 

The f i r s t  tank t e s t e d  was f o r  whi te  wine i n  number 576, a s t a i n l e s s  

s teel  t a n k  w i t h  a c a p a c i t y  o f  350,136 g a l l o n s .  

wich t h i s  t es t  was t h a t  t h e  r e c o r d  b r e a k i n g  p r e m a t u r i t y  o f  t h e  c r u s h i n g  s e a s o n  

throughout  C a l i f o r n i a ,  coupled w i t h  an unusua l ly  s m a l l  harvest ,  meant tha t  i t  

was a lmost  COO l a t e  co g e t  any w h i t e  wine  g rapes  t o  test @). Also, t h e  d a i l y  

amount o f  g rapes  c rushed  was so low t h a t  must was t y p i c a l l y  b e i n g  added t o  

f e r m e n t a t i o n  tanks throughout  t h e  f e r m e n t a t i o n  p e r i o d  t o  achieve a r e a s o n a b l e  

f i n a l  f e r m e n t a t i o n  volume. 
s e r i o u s l y  j e o p a r d i z e d  t h e  u s e f u l n e s s  o f  t h e  d a t a .  

volume problem was a f a c t o r  th roughout  t h e  w h i t e  wine t e s t i n g  phase .  The 

t e s t i n g  team was f a c e d  w i t h  bo th  a n  unexpec ted  s c h e d u l e  and t h e  n e c e s s i t y ,  

th rough l a c k  o f  c h o i c e ,  t o  t e s t  f e r m e n t a t i o n  b a t c h e s  t h a t  were less than  

i d e a l  due t o  a c c e s s i b i l i t y  and mechanica l  arrangement  or because  t h e  b a t c h  

s u b s e q u e n t l y  d i d  n o t  fo l low i d e a l  f e r m e n t a t i o n  behav io r .  With t h e  a s s i s t a n c e  

o f  t h e  U . V .  p e r s o n n e l  ment ioned ,  w e  o b t a i n e d  a f u l l  t a n k  o f  must by combining 

some c o l d  unfermen'ted must s t o r e d  from t h e  p r e v i o u s  d a y ' s  c r u s h  w i t h  ambient  

t empera tu re  m u s t  o b t a i n e d  t h a t  day.  T e s t i n g  commenced a t  7 a . m .  on September 

9 ,  1981.  and was completed a t  12  noon on September 1 6 ,  1981.  All samples  

were s u c c e s s f u l l y  sh ipped  and a n a l y z e d .  

The major problem encoun te red  

Adding f r e s h  must d u r i n g  a test would have 
Th i s  s c h e d u l i n g / p r o d u c t i o n  

The r ed  wine f e r m e n t a t i o n  t a n k  chosen  f o r  t e s t i n g  had a c a p a c i t y  o f  

128 ,000  g a l l o n s .  The t ank  was f i l l e d  and i n n o c u l a t e d  on September 14, 1981 ,  

and t e s c i n g  commenced immediately.  Due t o  our d e s i r e  t o  measure the t o t a l  

emis s ion  volume from t h i s  t a n k ,  we a t t a c h e d  t h e  6-inch ARB t u r b i n e  me te r  t o  

one  o f  t h e  4- inch sampl ing  p o r t s ,  c l o s e d  t h e  2-foot manhole c o v e r ,  and r e l i e d  

on t h e  remain ing  4-inch p r e s s u r e  r e l i e f  v a l v e  t o  p r o t e c t  t h e  t a n k  i n  cnse oE 

o v e r  p r e s s u r i z a t i o n .  Normally,  t h e  manhole i s  l e f t  open throughout  t h e  

f e r m e n t a t i o n  p r o c e s s .  O u r  p rocedures  and i n s t a l l a t i o n  were observed  by 
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EAL Corporsllon 

U.V. personnel with no objections. We believed that in the event that the 

turbine meter flowrate capacity was exceeded, excess exhaust gas would 
escape through the pressure relief valve. 

harmless release of vent gases, the fermenting must foamed over and shot out 

through both the turbine meter and pressure relief valve at approximately 
midnight Tuesday evening, September 15, 1981. An estimated 1,000 gallons 
of mustwere lost and U.V.  personnel aborted the fermentation, and our test. 
the next morning. Subsequently, it became apparent that with the sudden 

release in pressure caused by the relief valve opening, the must acted 

like champagne and essentially "boiled over." This mishap placed a serious 

strain on o u r  relations with U.V. personnel, although no one had forseen 
this occurrence. 

However, instead of a relatively 

Joe Rossi felt committed to our achieving a successful red wine test and 
agreed to arrange a second attempt. A similar tank was fitted with both ARB 
turbine meters, one on the sampling port and one on the pressure relief valve 
port (with the valve removed). The second turbine meter had just become 

available due to completion of the white wine test. In addition, the manhole 
cover was to be opened periodically for a.few seconds throughout the test to 

guard against the initiation of foaming. Exhaust flow measurements were 
taken frequently to allow interpolation of exhaust volumes over the brief 

periods that the hatch was lifted. This test was completed successfully. 

Detailed results of these tests are contained in the followine figures 

and tables. 
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TABLE 2 

PHYSICAL PARAMETERS 
Tank 8576 

White Wine Fermentation 

Tank Material: Stair ?ss Steel 
Fermentation Tank Dimensions 

12 inch bottom cone 

2 4  inch top cone 
480 inch shell (height) 
Gallons per inch = 7 1 1 . 4  

Total tank capacity = 3 5 0 , 1 1 0  gallons 
Actual capacity = 280,000 gallons 

Temperature Control 
Chiller temperature set point (OF) = 57 in.156 out 

Fermentation Period 

Beginning September 9 ,  1981 ... through Septenber 16, 1981 
To:al Hours = 1 7 2  

Total volu-ietric exhaust flov - 1 , 5 4 9 . 9 4 0  actual. cubic feet @ turbine mete:. 
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TABLE 4 
PHYSICAL PARAMETERS 

Tank No. 5 
Red Wine Fermentation 

Tank Material: Stainless Steel 

Tank Dimensions: 24 inch bottom cone 
12 inch top cone 
480 inch shell (height) 
gallons per inch = 288 

Tank Capacity: 128,000 gallons 

Actual Capacity: 44,000 gallons 

Temperature Control: 1st 4 hrs @ 82OF 
2nd 4 hrs @ 72OF 
remaining 18 hrs 85OF 

Fermentation Period: 

Beginning September 1 7 ,  1981 through September 18, 1981 
Total Hours = 26 

Total Volumetric Exhaust Flow = 197380 actual cubic feet @ turbine meter 

B-9 



v) 
C 
0 
-i .; 
4 

0 0 0 0 0 0 0 0 0  . . . . .  . . . .  

B-10 

~ 



EAL Corporatlon 

! 
I ; 
! 

i 
i I 

I 

I 
i I 

I 
I 

I 
I 
i 

I 
I 
! 
i 

i 
i 
I 
I : 
i 

s u g a r  f r e e ,  e l i m i n a t i n g  any f u r t h e r  s i g n i f i c a n t  f e r m e n t a t i o n .  The d r i e d  lees/ 

pomace a r e  s o l d  f o r  f e r t i l i z e r  or c a t t l e  f e e d .  White  wine must i s  e x t r a c t e d  

p r i o r  t o  f e r m e n t a t i o n  t o  reduce  s k i n  c o n t a c t .  However, s i m i l a r  e x t r a c t i o n  

p r o c e d u r e s  a r e  employed and t h e  f i n a l  product  is a g a i n  d r y  and non-fermentable .  

Because of t h e  c r u s h i n g  s e a s o n  problems d i s c u s s e d  e a r l i e r ,  i t  was 

v i t a l  t o  h e d i a t e l y  commence f e r m e n t a t i o n  tests a t  t h e  Napa Va l l ey  winery .  

Mr. Al D e l  Bondio o f  United V i n t n e r ' s  O a k v i l l e  f a c i l i t y  had p repa red  

s u i t a b l e  t a n k  a d a p t e r  f i t t i n g s  f o r  our equipment.  We a r r i v e d  on s i t e  

September  2 4 ,  1981. Mr. Del Bondio s a i d  t h a t  U.V. O a k v i l l e  cou ld  n o t  

o b t a i n  s u f f i c i e n t  w h i t e  wine g r a p e s  t o  f i l l  a t a n k  p r i o r  t o  f e r m e n t a t i o n .  

Thus w e  would b e  r e q u i r e d  t o  u s e  a t a n k  b e i n g  added t o  th roughou t  t h e  test .  
I n  a d d i t i o n ,  t h e  expec ted  f e r m e n t a t i o n  p e r i o d  f o r  w h i t e  wines  a t  t h i s  

f a c i l i t y  was 3-4 weeks and could n o t  b e  s i g n i f i c a n t l y  r educed .  

f a c t o r s  prompted us, w i t h  theencouragemen t  of our c o n t r a c t  o f f i c e r ,  t o  

a t t e m p t  t o  per form t h e  v h i t e  wine  t e s t  a t  t h e  Robert Mondavi winery  l o c a t e d  

n e a r b y .  

Those two 

The U.V. O a k v i l l e  winery  t e s t  program i n c l u d e d  two comple te  r e d  wine 

f e r m e n t a t i o n  tests.  

f low d a t a ,  i n v a l i d a t i n g  t h e  test r e s u l t s .  The second t e s t  w a s  a Cabernet 

Sauvignon f e r m e n t a t i o n  i n  a 9,000 g a l l o n s  c o n c r e t e  t a n k .  

f i t t e d  w i t h  a gaske ted  h a t c h .  

h a t c h  s e a l  was supplemented by p l a c i n g  l e a d  b r i c k s  on t h e  h a t c h .  

was opened t w i c e  a day f o r  pumping o v e r  t h e  pomace c a p .  

c o n t i n u e d  a t  t h o s e  t imes u n t i l  t h e  h a t c h  was r e p l a c e d  and p r e s s u r i z e d  con- 

d i t i o n s  a g a i n  o b t a i n e d .  

The f i r s t  t e s t  f a i l e d  t o  o b t a i n  measurable  exhaus t  &--- 

The t a n k  was 

During t h e  two-day f e r m e n t a t i o n  p e r i o d ,  t h e  / 
The h a t c h  

T e s t i n g  was d i s -  

F u g i t i v e  emis s ion  t e s t i n g  v a s  performed f o r  v a r i o u s  l o c a t i o n s  and 

p r o c e s s e s  a t  U.V. O a k v i l l e .  Ambient e t h a n o l  l e v e l s  i n  a b a r r e l  s t o r a g e  

b u i l d i n g  were  measured. I n  a d d i t i o n ,  a combined s t o r a g e / f e r m e n t a t i o n  

b u i l d i n g  was mon i to red .  Drag s c r e e n  s e p a r a t i o n  equipment ,  similar t o  t h a t  

u t i l i z e d  a t  U.V.  Madera, was monitored d u r i n g  o p e r a t i o n  a s  w e l l  as a 

conveyor  assembly t r a n s p o r t i n g  fermented l e e s  t o  t h e  p r e s s .  A b o t t l i n g  

o p e r a t i o n  a t  t h e  U.V. Inglenook Ru the r fo rd  Winery was moni tored  f o r  

f u g i t i v e  e t h a n o l  emis s ions .  That f a c i l i t y  was t e s t e d  because  U.V.  O a k v i l l e  

does not  have a b o t t l i n g  f a c i l i t y  and R.  Mondavi's was s h u t  down for t h e  
1 
l e e a s o n .  

D e t a i l e d  r e s u l t s  of t he  United V i n t e r s ,  O a k v i l l e  s o u r c e  and f u g i t i v e  

eois ; i .o?  iesis a r e  con ta ined  i n  t h -  Fol ln.- . inn F i - . . . - = c  2nd r o h l a c  a-1 1 
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EAL Corporation 

TABLE 6 
PHYSICAL PARAMETERS 

Tank No. 198 
Red Wine Fermentation 

United Vintners (Oakville) 

Tank Material: Concrete 

Tank Dimensions: 144 inch height 

Tank Capacity: 9000 gallons 
Actual Capacity: 8100 gallons 

Temperature Control: 72OF Average 

Fermentation Period: 

140 gallons per inch 

Beginning October 7, 1981 through October 9, 1981 

Total Hours: 77 

Total volumetric exhaust flow = 80490 actual cubic feet @ turbine meter 

8-12 
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Dr. James Vahl a s s i s t e d  us i n  o b t a i n i n g  a t ank  w i t h  f i t t i n g s  s u i t a b l e  

f o r  t h e  a d a p t e r  Mr. Del Bondio had loaned  t o  us. Also.  a supply  o f  Chardon- 

nay g r a p e s ,  r e q u i r i n g  a s h o r t e r  f e r m e n t a t i o n  p e r i o d ,  was a v a i l a b l e  ( t h e  l a s t  

o f  t h e  s e a s o n ) .  T e s t i n g  o f  a 6,000 g a l l o n  t a n k  commenced on Sa tu rday ,  

September 26 ,  1981 and extended o v e r  a twenty-one day p e r i o d .  That test 

l e n g t h  r e s u l t e d  from t h e  f e r m e n t a t i o n  p r o c e s s  " s t i c k i n g "  near t h e  end,  r e s u l t -  

i n g  i n  a n  u n u s u a l l y  s low d e c r e a s e  in s u g a r  c o n t e n t .  In a d d i t i o n  t o  t h e  f e r -  

men ta t ion  tes t ,  s t o r a g e  f a c i l i t y  f u g i t i v e  emis s ions  were monitored a s  w e l l  a s  

t h e  p r o c e s s  o f  a e r a t i o n ,  used  by q u a l i t y  v i n t n e r s  t o  remove undes i r ed  

v o l a t i l e  f l a v o r  compounds such  as e x c e s s  H2S o r  SOz. 

is  a l lowed  t o  s p l a s h  from a hose  i n t o  a n  open t rough  p r i o r  t o  s t o r a g e .  

' 

The ' fe rmented  j u i c e  

Exhaust v o l u m e t r i c  f low w a s  u n d e t e c t a b l e  w i t h  t h e  t u r b i n e  meter d u r i n g  

t h e  f i r s t  f o u r  days  o f  t h e  twenty-one day  f e r m e n t a t i o n  p e r i o d  as a r e s u l t  

of  t h e  compara t ive ly  small  volume o f  fermenting j u i c e  (5,800 g a l s ) .  Con- 

s e q u e n t l y ,  a method was employed i n  which  t h e  t o p  o f  t h e  meter was s e a l e d ,  

r e s t r i c t i n g  e x h a u s t  release t o  t h e  e x i s t i n g  t u r b i n e  meter sample p o r t s  

(Ref .  F i g u r e  9). Gas f low was measured w i t h  a more s e n s i t i v e  d r y  t es t  

c e t e r .  Two d r y  test meters were used i n  o r d e r  t o  p r o v i d e  twice t h e  

p r e s s u r e  r e l i e f  d u r i n g  g r e a t e r  f low a c t i v i t y  (Day 5 th rough  Day 10) .  

The tank headspace  v a s  p e r m i t t e d  t o  r e a c h  a s t a b l e  t empera tu re /p re s su re  

c o n d i t i o n  b e f o r e  measur ing  g a s  f l o w  p e r  u n i t  time (d ry  c u b i c  f e e t f m i n ) .  

T h i s  p r o c e d u r e  p e r m i t t e d  r e l i a b l e  measurements  wh i l e  a v o i d i n g  t h e  
I, - roaming-over" problem encountered  a t  U.V. Eladera. A t  peak f e r m e n t a t i o n  

a c t i v i t y ,  t h e  j u i c e  is s a t u r a t e d  o r  s u p e r - s a t u r a t e d  w i t h  carbon d i o x i d e .  

I n c r e a s e d  p r e s s u r e  p l aced  on t h e  sys t em ( t a n k )  may c a u s e  foaming-over in 

t h e  e v e n t  o f  a n  a b r u p t  a g i t a t i o n .  Although f low was measured on an a c t u a l  

d r y  b a s i s  w i t h  t he  d r y  t e s t  meters, m o i s t u r e  p e r c e n t  w a s  n e g l i g i b l e  due  t o  

t h e  small volume o f  j u i c e  and comparable  t o  t y p i c a l  w h i t e  wine f e r m e n t a t i o n  

exhaus t  d a t a .  

D e t a i l e d  r e s u l t s  of  t h e  Robert  Mondavi s o u r c e  and f u g i t i v e  emiss ion  

' t e s t s  a r e  c o n t a i n e d  i n  t h e  f o l l o w i n g  f i g u r e s  and t a b l e s .  

I B-15 



TABLE 10 

PHYSICAL PARAMETERS 
Tank #289 

White Wine Fe rmen ta t ion  

Rober t  Mondavi ( O a k v i l l e )  

Tank Material: S t a i n l e s s  S t e e l  

Fe rmen ta t ion  Tank C a p a c i t y :  

T o t a l  Tank C a p a c i t y  = 5,955 g a l l o n s  

Ac tua l  Tank C a p a c i t y  = 5,800 g a l l o n s  

Temperature "Cont ro l"  

Ambient ( i . e . ,  t a n k  l o c a t e d  o u t d o o r s )  

Fe rmen ta t ion  P e r i o d :  

Beginning  September  26, 1981 th rough  October  1 6 ,  1981 

T o t a l  Hours = 512 

T o t a l  Volumetr ic  Exhaust  Flow = 1&9 c u b i c  f e e t  

8-16 
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SECTION 111 
SWMARY XND CONCLUSIONS 

Ethanol emission factors have been determined for the fermentation 
process. Additional measurements of ethanol fugitive emissions, generated 

from storage and handling during production, have been completed. Four fer- 

mentation tanks were monitored throughout their complete fermentation periods. 

The choice of tank location and type was made i n  an attempt to represent some 
of the variations in California wine production, given the time and budgetary 

limitations of the project. Final results listing ethanol fermentation emis- 
sions and emission factors are found in Table 13. Results for fugitive 

ethanol emissions and emission factors are detailed in Table 14. 

The tabulated ethanol fermentation emissions (maximum lbs/hr and total 

lbs emitted) indicate a simple relationship between the volume of fermenting 
juice and wine type (i.e., red vs. white). Ethanol losses during red wine 
fermentation were higher than losses during white wine fermentation. The 

larger the volume of fermenting juice, the larger was the maximum quantity of 
ethanol enitted per unit time, o r  quantitatively, at the peak fermentation 

nore C02 was produced and exhausted per unit time and thus more ethanol emit- 

ted through entrainment. 

Ethanol emissions have been related to fermentation process conditions 

in order to generate emission factors, which in turn may be compared to 
historical data and theoretical attempts to characterize ethanol losses 

during fermentation. 

Historical data representing ethanol emission factors as percent of 

total ethanol emitted versus fermentation temperature are graphed in Figure 13. 
Emission factors determined by EAL have been included in the graph and are 
in good agreement. 
are found at the lower end of the temperature range and red wine factors at 

the upper end. 

Resources Board (CARB) shows agreement for two separate white wine fermen- 

tations at approximately the same fermentation interval activity. Specifi- 

cally, C A U  reported an “ethanol concentration increase from 1,902 parts 

In general, white wine fermentation emission factors 

Comparison o f  EAL data to that of  the California Air 

B-20 
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EAL Corporatlon 

TABLE 1 4  

ETHANOL FUGITIVE EMISSIONS AND EMISSION FACTORS 

Locat ion:  United V i n t n e r s ,  O a k v i l l e  

Area - 
Sto rane  

( L o c a t i o n s ’ l ,  2, 5,  6 )  
Ref.  F i g u r e  

Handling 
(Loca t ion  3 )  

Handling 
(Loca t ion  4 ,  a d j a c e n t  t o  d r a g  
s c r e e n )  

Handling 
(Loca t ion  7 ,  immedia te ly  above  
d r a g  s c r e e n )  

Handling 
(Loca t ion  8 ,  immedia te ly  above  
pomace p r e s s )  

( m a / m 3 1  ( a r a m s / h r l  (ppm by vol.) ~ 

0 . 0 4 - 0 . 0 8  0 . 0 0 3 - 0 . 0 0 7  0.02-0.04 

2 . 2  0.4 1 . 4  

6 . 5  1 .o 3 . 4  

5429 923 2888 

1134 193 603 

S t o r a g e  
(Loca t ion  2 )  

S t o r a g e  
(Loca t ion  3 )  

13 3 .7  2 3  

1s 1 . 3  8 

*The s t o r a g e  and h a n d l i n g  a r e a s  a t  Robert  Mondavi ( O a k v i l l e )  were undergoing  f i n a l  
c l e a n  up o p e r a t i o n s  o f  t h e  c r u s h  s e a s o n ,  p o s s i b l y  e x p l a i n i n g  t h e  r e l a t i v e l y  h i g h e r  
e t h a n o l  v a l u e s  compared t o  those a t  United V i n t n e r s ( 0 a k v i l l e ) .  

8-22 



EAL Corporation 

TABLE14 (continued) 

Location: Inglenook (Rutherford), bottling process (i.e., handling) 

Area - 

Room Air 

(mgIm3) (gramslhr) , ,,pm by vol .) 

17 * -- 32 

Source, Corking Vent Outlet 654 1.8 348 

Source, Filling Vent Outlet 3536 21.2 1881 

Process 

Drag Screen 

Pomace Press 

Wine Settling 

ETHANOL FUGITIVE EMISSION FACTORS 

HANDLING PROCESSES 

Ethanol 

0.5 lbs ethan~l/lO-~ gal juice 

0.02 lbs ethanol/ton of pomace 

0.1 lbs ethan01/10-~ gal wine (white) 

*Xo significant turbulence or  air movement (i.e.. ethanol dispersion) 
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TABLE 4 . 1  

SUMMARY OF SAMPLING AND ANALYTICAL METHODS 

COMPONENT TO B E  ANALYZEQ 

O 2  

c02 

co 

Et hano I 

Mols ture  Content 

V o l a t l l e  Organics 

L l q u l d  Catches 

- 
Contlnous Analyzer 

Contlnous Analyzer 

Contlnous Analyzer 

Contlnous Analyzer 

Method 4 

Grab Bag 

Grab (Specimen J a r )  

ANALYTICAL METHOD 
o r  - 

Paramagnetic 

NDlR 

NDlR 

F I D  

Vo lumetr ic  

G W F I D .  GC/ECD 

GC/FID, GC/ECD 

C - 87- 04 1 
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V .  JEST RESIJ CLS 

The test results are presented as follows: 

A. C o n t l n u o u s  a n a l y z e r  d a t a  a n d  c a l c u l a t e d  c o n t r o l  

efflclency 

8 .  Flow rate and moisture content data 

C. Bag sample data 

D .  Aqueous sample data 

E. Carbon tube data 

F. Calculatlon of Alcohol Loss 

A. CONTINUOUS ANALYZER DATA 

.The contlnuous analyzer data for ethanol (EtOH), o x y g e n  (02), and 

carbon dloxide (CO2) gas concentratlons is presented separately for each of 

:he four fermentatlons. Each data point represents a t Ime-averaged value 

for the time sampled at that tank. T h e  contlnuous hydrocarbon analyzer 

measured the ethanol emlsslons as ppm propane. Thls has been converted to 

ppm ethanol based on a factor of 1.72 ppm EtOH - 1 ppm propane. Thls factor 

was obtalned b y  observing the hydrocarbon analyzer response to a k n o w n  E t O H  

concentration. 

The percent ethanol control efflclency Is calculated a s  follows: 

(Et0 H In - EtOH out1 x 100 
(EtOH In) 



Due to the dlfficuitleS Inherent In measuring and comparlng low ppm 

ethanol concentratlons, the calculated control efficiencies near the start 

Of the fermentatlons may not be representative of  actual condltlons. 

c-5 i 



F. CALCULATION OF ALCOHOL LOSS 

T a b l e  5.23 g l v e s  a summary of t h e  m a s s  of ethanol e n t e r l n g  and 

leavlng e a c h  c o n t r o l  d e v l c e  for each f e r m e n t a t l o n .  These values w e r e  

obtalned by lntegratlng the ethanol concentration curves over the c o u r s e  of 

the f e r m e n t a t  Ion. Detal Is of thls calculatlon can be found In Appendlx 6 .  

Though the total amount of ethanol emltted may seem low. i t  s h o u l d  b e  kept 

In  m l n d  that only about 1000 gallons of grape must per tank were fermented 

In thls pllot program. 

Table 5.24 glves a summary of the data used to calculate the percent 

of ethanol lost by e a c h  tank. T h e  d a t a  u s e d  to c a l c u l a t e  t h e  amount of 

total ethanol produced over the fermentatlon (gallons. % EtOH) were obtalned 

from CSUF data summaries. The data for each tank Is plotted In F i g u r e  5.30 

a s  a funct Ion o f  f e r m e n t a t  Ion temperature. Also shown on Flgure 5.30 are 

results from slmllar studles on fermentation tank emlsslons. The references 

are listed below the graph. 

Most of the Phase I data are In falr agreement wlth p r e v i o u s  work. 

Data s c a t t e r  f r o m  Red Wlne I Is probably due to the Ilmlted number of data 

polnts available for thls fermentatlon due to foamover problems. W h e n  the 

data from Red Wlne I are removed from the graph, a s  In Flgure 5.31, the plot 

shows an Improved correlatlon. 
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T a b l e  5.24 

SUMbRY OF Dblb USED TO CALCULATE PERCENT ETHANOL LOSl  

FERH 

YY I ' 

RY 1 

R Y  I 1  

WY I I  

TANK GALLONS 

I IO86 
2 IO86 
3 I 0 8 6  
4 1086 
I 736 
2 736 
3 136 
4 736 
I 701 
2 701 
3 701 
4 701 
I I083 
2 1083 
3 1083 
1 1083 

I H l l l A L  AVAIL AVAIL 
SUGAR TEHP 6ALLONS GRABS 

I EIOH (DES BRIII  (DE6 FI ElOH ETOH 

10.3 
10.3 
10.3 
8.6 

14. I I 
14.17 
14.3 
11.65 
11.03 
13.00 
12.14 
12.54 
10.83 
10,73 
11,27 
9,95 

20. I 59 112 3.3E+05 
20, I 59 112 3.3E105 
20. I 57 I 1 2  3.3E+O5 
20. I 59 93 2.8E+05 
24.  I 78 104 LIEN5 
23.9  78 104 3.IEt05 
23.9 19 105 3.1EtOS 
2 4 . 3  75 . 100 3.OE+05 

24.8 70 91 2.7Et05 
Z L 7 6 ~ s L 2 , 6 E  +05 

25.5 81 08 2.bE+05 
22.3  57 117 3.5E+05 
22.3  57 I16 3.5E+05 
22.3 57 122 3.6Et05 
22.3 57 108 3.2E+05 

25, 4 80 83 2.5Et05 

GRRtlS X OF 
EIOH TOTAL 
LOST ETOH 1DST 

601 0.18 
672 0.20 
30b 0.09 
264 0.09 

2567 0.83 
4054 1.30 

969 0.31 
605 0.20 
2230 0.90 
2108 0.77 
1700. 0.66 
1162 0-44 
l b 8 8  0.18 
I926 0.55 
I608 0.46 
I688 0.52 

c-07-041 
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TAELE 

Y H I T E  WINE 1 - ElllSSION DATA FOR CATALYTIC  HEATER 

TANK DATE T I M E  HOURS 
1 19-Pug-87 11:30 0.0 

20-Aug-87 13:OO 25.5 

21-Rug-87 07:OO 43.5 
21-69-87 11:OO 47,s 
21-Aug-87 14:30 51.0 
22-hug-87 08:OO 60,s 
22-Aup-87 1O:OO 70.5 
?2-Auq:87 14:30 75,O 
23-Auq-87 10:30 95.0 
23-Rup-87 15:20 99.8 
21-Rug-97 1O:OO 118.5 
21-Aug-87 13:15 121.7 
21-Aug-87 17:lO 125.7 
?b-Au9-87 07:OO 163.5 
26-Aug-87 17:OO 173.5 
27-Aup-87 00:SO 189.0 
27-Rug-07 17:OO 197.5 
28-dug-87 b6:5b 211.3 

2 0 - ~ ~ 9 - 0 7  i6:30 29.0 

WHITE NINE 1 

T I H E  ETOH ETOH 
ETOH IN ETOH OUT INTERVAL I N  IN 

IPPII)  IPPH) (HOURS) PPll AV6 PPH-HOUR 

3.41 3.14 25.5 
1.72 20.64 3.5 

86 1.72 1 4 - 5  
40.16 25.8 1-0 

3k.4 20.64 3.5 
15.48 6.80 17.5 
25.8 15.18 2.0 
25.8 27.52 1.5 

189.2 119.61 20.0 
252.2 154.0 1.8 

258 0 10.7 
412.8 51.6 3.2 

06 3.44 37.8 
116.2 1.72 10.0 
68.0 1.72 15.5 

120.4 8.6 8.5 
103.2 5.16 13.8 

i 3 0  13 3.9 

1.7 13.’9 
2.6 9.0 

43.9 636.0 
67.1 260.3 
41.3 114.5 
24.9 436.4 
20.6 41.3 
25,E 116.1 

107.5 2150.0 
210.7 1010.1 
245.1 4575.2 
335.1 1090.0 
421.4 lbS0.5 
258.0 9761.0 
116.1 Ilb1.0 
107.5 1666.3 
94.6 804.1 

111.8 1516.6 

- EMISSION DATA FOR CARBON AOSORPTION UNIT 

ElOH ETOH MSS ETOHHASS ETOH 
OUT OUT FLOY I N  OUT 

PPll RVG PPH-HOUR ISCFH) l6RANSl IGRAHS) 

1.7 13.9 7 
12.0 42.1 7 
11.2 162.1 7 
13.0 55.0 7 
23.2 81.3 7 
13.8 240.0 7 
11.2 22.4 7.25 
21.5 96.8 7 
88.6 1771.6 7 

152.2 735.7 7 
77.1 1114.8 6.75 
25.8 83.8 6.75 
17.3 185.3 7 
23.2 878.5 7 
2.6 25.0 7 
1.7 26.7 7 
5.2 13.9 7 
6.9 95.2 7 

TOTAL 6RAllS ETOH: 
OVERALL EFFIC IENCY:  

1.0 1.0 
0.2 0.9 

14.2 3.6 
6.0 1,2 
3.2 1.0 
9.7 5.4 
1.0 0.5 
2.6 2.2 

40.0 39.6 
22.7 ’ 16.1 
98.5 31.1 
23.5 1.0 
36.9 4.1 

218.0 19.6 
25.9 0.6 
37.2 0.6 
18.0 1.0 
s4*5  . 2.1 

601.1 133.6 
77.01 

T I H E  ETOH ETOH ETOH ETOH MSS ETOHHASS ETOH 
INTERVAL IN IN OUT OUT FLOW IN OUT 

TANK DATE T I N E  HOURS ETOH I N  ETOH OUT (HOURS) PPI! AV6 PPH-HOUR PPH AV6 PPH-HOUR ISCFHI (6RAHSI IGRAllS) 
2 19-Aug-87 11:30 0.0 

19-Aup-87 I 4 : N  3.0 1.72 0 3.0 0.9 2.6 0.0 0.0 7 0. I 0.0 
20-Aup-87 14:OO 26.5 3 - 4 1  1.72 23.5 2.6 60.6 0.9 20.2 7 1.4. 0.5 
20-Rug-87 17:bb 29.5 3.11 5.16 3.0 3.4 10.3 3.1 10.3 7 0.2 0.2 
21-Aug-87 08:OO 14.5 86 1.72 15.0 4 4 - 7  670.8 3.1 51.6 7 15.0 1.2 
21-Aup-87 10:30 17.0 51.6 5-16 2.5 b0.8 172.0 3.4. 8.6 7 3.0 0.2 
21-dug-87 l l :M 40.0 60.2 12.04 1.0 ss,9 55.9 8.6 8.6 7 1.2 0.2 
21-Rug-87 15:OO 51.5 34.4 6.80 3.5 47.3 165.6 9.5 33.1 7 3.7 0.7 
21-Aug-97 17:OO 53.5 13.76 0.6  2.0 21.1 48.2 7.7 15.5 7 1.1 0.3 
22-hug-87 09:OO 69.5 13.76 1.72 16.0 13.8 220.2 5.2 82.6 7 4.7 1.8 
22-Aug-87 10:15 71.2 24.08 0.86 1.7 18.9 33.1 1.3 2.3 7 0.7 0.1 
22-Aug-87 15:OO 75.5 25.8 3.44 4.3 24,9 106.0 2.2 9.1 7 2.4 0.2 
23-Auq-87 07:3b 92.0 103.2 0 16.5 64.5 1064.3 1.7 28.4 7 23.0 0.6 
23-Rug-87 11:15 95.7 232.2 6.88 3.8 167.1 628.9 L1 12.9 7 14.0 0.3 
23-Aug-87 lb:55 101.4 283.0 1.72 5.7 250.0 1462.0 4.3 24.4 7 32.6 0.5 
21-Aug-87 1 k : S S  123.1 473 8,6 22.0 370.4 0324.8 5.2 113.5 7 105.9 2.5 
25-Aup-87 O6:50 139.3 261.44 154.8 15.9 367.2 5841.9 81.7 1300.4 7 130.5 29.0 
25-Rug-87 11145 114,2 275.2 1.72 1.9 268,3 1319.2 78.3 384.0 7 29.5 E.b 
2b-bug-87 0810O 164,s 151.8 2.50 20.3 215,O 1353,8 2.2 4S.S 7 71.2 1.0 
2)-Aup-87 14:30 171.0 189.2 3 - 4 4  6.5 172.0 1118.0 3.0 19.6 7 25.0 0. 1 
27-Rug-E7 11:OO 191.5 120.4 72.24 20.5 154.0 3173.4 37.8 775.7 7 70.9 17,s 
2 i - ~ u p - a 7  i1:30 192.0 120.4 1.72 0.5 120,4 60.2 37.0 10.5 7 1.3 0. 1 
27-Aup-87 17:50 198,3 129 5.16 b.3 121,7 789.8 3.4 21.8 7 17.6 0.5 
28-Aug-87 07:10 212.2 60.2 1.72 13.8 91.6 1308.6 3.1 47.6 7 29.2 1.1 

TOTAL GRPIIS ETOH: 671.6 65,7 
OVERALL EFFICIENCY: 90.21 

C-81-041 
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TABLE 

WHITE WINE I - El l lSSIDN DATA FOR HATER SCRU88ER 

Tl l lE  ETDH ETOH ETOH ETOH NASS ETOHRASS E I O H  
INTERVAL I N  IN OUT OUT FLOW I N  OUT 

TAHK DATE TlHE HOURS ETOH I N  ETOH OUT IHOURS) PPI( AV6 PPII-HOUR PPH AV6 PPI(-HOUR ISCFI I )  I6RAilSl IGRMSI  
3 17-hug-87 11:30 0.0 

19-Auq-07 
20-Aug-87 
20-Aup-87 
20-Aug-87 

21-Aup-87 
21-Aug-87 

21-Aug-87 
21-Aug-87 
22-Aug-87 
22-Rug-07 
22-Aug-87 
23-Pug-87 
2 i - ~ ~ g - a 7  
24-bug-87 
24-Aug-87 
21-Rug-87 
25-bug-87 
25-Pug-E7 
26-Aup-87 
26-Aup-07 
27-hug-87 
27-Aug-87 

l5:OO 3.5 2 0 
09:30 22.0 2 2 
l4:30 27.0 5 3 
17:30 30.0 5 3 
08:30 45.0 258 3 
12:30 49.0 103 7 
15:30 52.0 ' 30 7 
17:30 54.0 15 9 
09:30 70.0 15 2 
11:30 72.0 28 0 
15:30 76.0 30 3 
08:30 93.0 120 2 
11:48 96.3 258 7 
08:30 117.0 292 0 
l l : l 5  119.7 378 5 
15:45 '  124.2 564 4 
08:OO 140.5 550 IO 
14:OO 146.5 433 3 
09:OO 1S5.5 52 2 
15:30 172.0 258 . 2 
O6:SO 187.0 172 3 
13:OO IP3.5 120 3 

3.5 0.9 
18.5 1.7 
5.0 3.4 
3.0 5.2 

15.0 131.6 
4.0 180.6 
3.0 70.5 
2.0 26.7 

16.0 15.5 
2.0 21.5 
4.0 32.7 

17.0 79.1 
3.3 189.2 

20.7 275.2 
2.8 335.1 
4.5 471.3 

16.2 557.3 
6.0 491.9 

19.0 212.5 
6.5 154.8 

15.0 215.0 
6.5 146.2 

3.0 0.0 0.0 4.d 0.0 0.0 
31.0 0.9 15.9 4.0 0.1 0.0 
17.2 2.6 12.9 3.5 0.2 0.0 
15.5 * 3 . 4  10.3 3.3 0.2 0.0 

1973.1 3.4 51.6 2.8 17.3 2.9 
122. 4 5.2 20.6 3.8 8.6 0. b 
211.6 6.9 20.6 3.3 2.2 0.1 

53.3 7.7 15.5 3.3 0.6 0.0 
247.7 5.2 82.6 3.0 2. 4 0.6 

43.0 0.9 1.7 3.0 0. 1 0.0 
130.7 1.7 6.9 5.5 1.5 0.0 

1345.0 2.6 43.9 2.3 9.7 1.4 
624.1 4.3 14.2 2.8 5.5 0.2 

5696.6 3.4 71.2 2.5 45.4 10.3 
922.4 2.6 7.1 2.5 7.4 0.2 

2120.8 4.7 21.3 3.3 22.0 1.5 
9055.8 7.3 118.8 2.1 60.7 23.0 
2951.5 6.9 4 1 - 3  3.0 28.2 3.7 
4bOl.9 2.6 49.0 3 * 3  48.5 7.6 
1006.2 1.7 11.2 2.8 8,0 L3 
3225.0 2.6 38.7 2.3 23.1 2.9 

950.3 3.4 22.4 4.3 12.9 0.9 
TOTAL 6RPIIS ETOH: 305.9 56.2 
OVERALL EFFIC IENCY:  ai.6x 

WHITE N I N E  I - NO CONTROL ERUIPl lENT 

IAN): DAIE T I H E  
1 19-Rug-87 11:30 

19-Aug-87 I5:30 
20-Aug-87 l6:OO 
21-Aug-87 09:15  
21-Rug-87 13130 
21-Aug-87 21:OO 
22-Rug-87 13:45 
22-Auq-87 l6:00 
21-hug-87 l2:OO 
24-Aug-87 lb :25  
25-Aug-87 09: 15 
25-Rug-87 15:45 
26-Aug-87 10:45 
27-Auq-87 14: 15 

HOURS 
0 

4.0 
28.5 
45.7 
50.0 
57.5 
74.2 
76.5 

120.5 
124.9 
141.7 
148.2 
lb7.2 
194.7 

ETOH 

36 
b36 

1462 
1720 

69 
I46 
181 
8bO 

1032 
860 

1032 
3354 
1032 

T l H E  
INTERVAL ETOH E I O H  FLOW HAS5 E l O H  

IHOURSI P P I  AV6 PPI(-HOUR (SCFll) IGRAI(S1 

4.0 
24.5 
1 7 # 3  
4 * 3  
7.5 

16.7 
2 - 3  

4 4 , O  
4,1 
16.8 
6.5 

19.0 
27.5 

18. I 
336.3 

1049.2 
1S9I.O 
894.4 
107.5 
163.4 
520.3 
946.0 
94b.0 
946.0 

2193.0 
2191.0 

72.2 
8238.4 

18098.7 
6761 ,8  
6708.0 
1800,b 
367.7 

22893.2 
1170.2 

15924.3 
6149.0 

4 l667.0 
60307.5 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0,o 
0. I 0.7 
0.1 0.2 
1.1 80.3 
1.0 13.3 
0.8 40.6 
0.8 . 15.7 
0.5 6 b . 5  
0.1 4 b e 2  

TOTAL S R M S  ETOHi 263.5 

C-87-041 
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TABLE 

REO WINE I - EHISSION DATA FOR CATALYTIC HEATER 

TinE ETOH ETOH ETOH ETOH HAS5 ETOHI(AS5 ETOH 
INTERVAL I N  I N  OUT OUT FLOW I N  OUT 

TANK DATE TINE HOURS ETOH I N  ETOH OUT IHOURS) PPR AV6 PPH-HOUR PPH AV6 PPH-HOUR ISCFH) 16RAilS) 16RAtlS) 

1 31-Auq-87 12:OO 0.0 
01-Sep-87 19:OO 31.0 2881 1015 31.0 1140.5 44655.5 537.5 16662.3 b.0 851.7 318.9 
02-Sep-87 18:kO 51.7 860 13 23.7 1870.5 14268.5 559.0 15229.7 7.8 1091.1 327.1 
03-Sep-87 08135 68.6 311 I 2  13.9 602.0 8377.8 27.5 383.0 7.0 187.1 8. 6 
03-Sep-87 14:50 74.8 1290 17 6.3 817,O 5106.3 11.6 91.1 7.0 114.0 2.0 
04-Sep-87 O h 1 5  90.8 292 IO 15.9 791.2 12593.3 13.8 219.0 7.0 281.2 1.9 
04-Sep-87 11:15 95.7 344 17 5.0 318.2 1591.0 13.8 68.8 7.0 35.5 1.5 

TOTAL GRAI(S ETOH: 2567.0 6 6 3 ~  
OVERkLL EFFICIENCY: 71.21 

REO MINE I - ENISSION DATA FOR CARBON ADSORPTION UNIT 

TIHE ETOH ETOH ETOH ETOH I(ASS ETOHI(AS5 ETOH 
INTERVAL IH IN OUT OUT FLOW I N  OUT 

TANK DATE TINE HOURS ETOH I N  ETOH OUT (HOURS) PPI( RV6 PPH-HOUR PPH AV6 PPI(-HOUR ISCFI(1 16RAHS) 16MI(S) 

2 31-Pup-87 1S:OO 0 
01-Srp-87 l6 :30 25.5 3784 1075 25.5 1892.0 48216.0 537.5 13706.3 7.0 1077.3 306.1 
02-Sep-87 13:15 46,2 3354 2580 20.7 3569.0 71056.7 1827.5 37920.6 7.0 1653.7 846.8 
03-Sep-87 . 09:lO 6b.2 7 2 1  163 19.9 2038.2 40591.1 1371.7 27319.7 7.0 9Ob.5 blO.0 
03-Scp-87 13:35 70.6 1217 5 1.4 981.7 4319.1 81.3 372.2 7.0 97.1 8.3 
04-Sep-87 07:35 88.6 314 26 18.0 795.5 14319.0 15.5 278.6 7.0 319.7 6.2 

TOTAL 6RAHS ETOH: 4054.3 1777.1 
OVERALL EFFlCIENCYi 56.21 

TinE ETOH ETOH ETOH ETOH H A S  ETOHHASS ETOH 

RED NINE I - EHISSION DATA FOR HATER SCRUBBER 

INTERVAL I N  I N  OUT OUT FLOW I N  WT ' 
TANK DATE T lHE HOURS ETOH I N  ETOH OUT IHOURS) PPll AV6 PPH-HOUR PPH AV6 PPI(-HOUR ISCFHI (6RAilSI I6RAISI 

3 31-Auq-87 17:OO 0 
02-Sep-87 09:20 40.3 860 0 10.3 430.0 17343.3 0.0 0.0 5.5 304.3 0.0 

4.5 119.2 0.8 02-Sep-87 l6 :05 17.1 1600 I7 6.8 1229.8 8301.2 8.6 58.1 
03-Scp-87 12:OO 67.0 826 52 19.9 1212.6 21151.0 31-1 685.1 4.8 365.9 10.1 
04-Sep-87 08:OO 87.0 301 5 20.p 563.3 11266.0 28.4 567.6 5.0 179.7 9.1 

TOTAL 6RAHS ETOH: 969.1 20.3 
REO WINE I - NO CONTROLS OVERALL EFFICIENCY: 97.91 

TINE 
INTERVAL ETOH ETOH FLOW Hiss E m  

TANK DATE TINE HOURS ETOH (HOURS) PPH AV6 PPH-HOUR I S C F n l  16RABSI 

4 31-Rug-87 19:15 0 
02-Sep-87 12:OO 10.8 be80 40.8 3440.0 140180.0 1.6 715.5 
03-Scp-87 16:30 69.3 7110 28.5 7310.0 208335.0 0.9 601.8 

17.5 6020.0 105350.0 0.6 198.5 04-Sep-87 1O:OO 86.8 1300 
TOTAL 6RAHS ETOH: 1518.5 

C-87-011 
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1 1bSeo-87 13:OO 0.0 
11-Sep-87 11:B 22.3 
11-Sew87 15:10 s . 2  
l l - S e ~ 8 7  19:% 30.8 
12-Sew87 0 8 : 3  43.: 
12-Sep-87 12:s  47.8 
12-Sep-87 Z:OO 57.0 
13-Sep-87 OO:OO 59.0 
13-Sew87 01:OO 60.0 

PJ 13-Sew87 @:OS 61.1 
13-Sew87 04:OO 63.0 
13-Sew87 &:OO 65.0 
13-Sew87 1 4 : s  73.3 
13-Sep-87 19:H) 78.7 

W 13-Sew87 20:lO 79.2 
14-Sep-87 G¶:25 92.4 

1593 
1044 
3194 
1781 
1932 
1093 
8% 
685 
244 
455 
234 
382 
649 
233 
331 

83 
64 
53 
18 
49 
65 
15 
-1 
'4 
-2 
-1 
28 36 

E 
2 

22.3 7s .7  1772.7 
3.8 1318.5 5054.3 
4.7 2118.7 9887.2 

12.7 2487.3 31505.9 
4.3 1856.4 8044.5 
9.2 1512.7 13866.2 
2.0 974.8 1949.5 
1.0 770.7 770.7 
1.1 464.8 503.5 
1.9 349.6 670.0 
2.0 374.7 743.3 
8.9 338.1 3014.7 
4.7 515.2 2447.4 
0.5 441.0 a . 5  

13.3 2823 3740.8 

41.7 
73.3 
58.6 
35.1 
33.2 
Cd. 3 
40.1 
7. I 

-2.5 
-3.0 
-1.5 
17.4 
32.1 
a. 0 
11.7 

330.4 7.0 397.3 
283.2 7.0 112.9 
273.3 7.0 EO.8 
44:. 2 7.0 703.5 
143.9 7.0 179.6 
S1.3 7.0 so9.6 
80. 2 7.0 43.5 

7.1 7.0 17.2 
-2.7 7.0 11.2 
-5.7 7.0 15.0 
-3.0 7.0 16.7 

155.3 7.0 67.3 
12 .4  7.0 54.6 
12.5 7.3 5. I 

1%. 6 7.0 83.5 

TOTRL 61w)(s ETW: z38.0 
WEAFLL EFFICIENCY: 

a. 8 
6-3 
6.1 
9.9 
3.2 

11.7 
1.8 
0.2 

-0.1 
-0. I 
4.1 
3.5 
3.4 
0.3 
3.5 

70.3 
96.9% 

2 IC-90-87 1l:K 0.0 
11-Sep-87 1O:lO 2 2 5  
11-Sep-87 16:30 a8.8 
~~~~87 XI:% 33.1 

E1 12-Sep-87 08:55 45.2 
F2 12-Sep-87 M:30 45.8 

12Seep-87 13:s 50.2 
13-Seep-E7 1O:OO 70.3 
13-Seep-87 17:15 77.6 
13Sep-87 20:45 81.1 

W 13Sep-87 21:45 82.1 
14-Sep-87 0o:0o 84.3 
14-Sep-87 @:OO 86.3 
14-Sep-87 03:25 87.7 

14-Sep87 &:30 40.8 
m i 4 ~ e p - 8 7  05:is 69.6 

14-Sep-87 11:IS 95.6 

342 
I144 
21 84 
1W 
1970 
1780 
749 

1075 
w 
265 
514 
699 
8% 
483 
374 
413 

10 
17 
10 
29 
17 
23 

278 
51 
47 
23 
32 
32 
33 
a 
28 
34 

22.5 171.0 3842.7 
6.3 743.2 4707.1 
4.3 1664.3 72120 

12.1 W.1 S 3 1 . 2  
0.6 1980.9 118.5 
4.4 1814.7 E79.8 

20.1 1264.1 25387.9 
7.3 311.8 6610.7 

1.0 413.7 413.7 
2.3 419.5 9428 
2.0 631.4 1?62,8 
1.4 792.6 11E.8 
1.8 62 .5  1263.5 
1.2 431.1 538.3 
4.8 33.1 lffi7.3 

3.5 8187 2 ~ , 3  

m - Pumpover occurred during this - l ing period. 

5.2 115.8 
13.6 86.2 
13.4 .%O 
13.4 233.3 
22.9 13.4 
19.9 87.9 

150.2 3016.7 
167.1 1211.8 
52.0 1 8 2 1  
B.4 38.4 
3.5 68.6 
31.7 63.5 
32.4 45.3 
31.0 56.8 
28.7 35.9 
31.4 143.0 

7.3 
7.0 
7.0 
7.5 
7.5 
7.3 
7.0 
6.8 
6. 8 
6.8 
6.8 
6.8 
6.8 
6. 8 
6. 8 
6.8 

@E. 9 
105.1 
161.0 
603.7 
27.6 

191.5 
s . 9  
142.3 
61.7 
8.9 

20.3 
27.2 
24.2 
27.3 
11.6 
40.2 

TOTAL 6RrWS EIW: 2108.5 
DKRKL EFFICIEN€Y: 

2.7 
1.9 
1.3 
5.6 
0.3 
2.0 

67.4 
26.1 
3.9 
0.8 
1.5 
1.4 
1.0 
1.2 
0. 8 
3.2 

121. I 
94.3% 

c-12 



3 IO-Sep-87 1O:lO 0.0 
11-Sep-87 12:15 26.1 
11-Sep-87 1725 31.3 
11-Sep-87 23:s 37.7 
12-Sq-87 02:OO 39.8 
124ep-87 M:OO 41.8 
I2-Sep-87 WOO 43.8 

12-Sep-87 lh15 46.1 
12-Sep-87 15:3O 53.3 
13-Se0-87 09:OO 10.8. 
13-Sep-87 18:20 Bo.2 
14-Sep87 @:IO 9 . 0  
14-Sep-87 12:OO 97.8 

125ep-87 07:OO u.8 

471 
360 
434 
1379 
1651 
14& 
1269 
leoB 
158) 
I155 
897 
364 
597 

8 &.I 
4 5.2 
7 6.4 
6 2.2 
6 2.0 
6 2.0 
.7 1.0 
5 3.2 
5 5.3 
6 17.5 
26 9.3 
4 13.8 
24 3.8 

235.3 6156.4 
419.3 2166.6 
401.0 2 5 x 0  
9C6.2 1963.3 
1517.7 3OB.5 
1511.5 3143.0 

1533.9 5001.6 
1696.1 m . 7  
1569.3 23962.8 
1025.8 9574.1 
630.5 8722.1 
480.4 1841.4 

nn.~ im.8 

3.8 98.0 7.3 
L6 29.1 5.5 
5.3 34.1 5.0 
6.6 14.3 5.0 
6.3 1 2 6  5.0 
6.2 12,5 5.0 
6.4 6.4 h5 
6.0 19.4 7.0 
5.3 27.7 6.8 
5.7 100.3 7.5 

16.1 150.4 7.3 
15.0 207.4 6.8 
14.0 53.7 7.3 

141.9 
B.0 
41.0 
31.3 
46.4 
50.1 
28.6 
111.7 
191.7 
573.3 
221.4 
187.8 
426 

2.3 
0.5 
0.5 
0.2 
0.2 
0.2 
0.1 
0.4 
0.6 
2.4 
3.5 
4.5 
1.2 

16.7 
99.01 

TOlRL 6wy6 EIW: 1708.0 
Mrwu m1crw: 

RED Y I N  .11- M) CMlR0.s 

4 10-Sep-87 09:3O 0.0 
I0-k~-87 15:s 6.4 
10-Sep-87 17:OO 7.5 

IO-Sep-67 20:OO 10.5 
10-5ep-67 P:OO 125 
11-Sep-87 00:OO 14.5 
ll-Sep-87 02:OO 1h5 

ll-Sep~87 06:OO 20.5 

Il-Sep-87 12:45 27.3 

10-kp-87 18:OO 8.5 

ii-sep-87 M:OO 1 8 5  

ll-Sq47 07:OO 21.5 

12-Sep-87 11:15 49.8 
Po 12sep-87 1 7 : ~  SM 

12-Sep-87 18:30 51.0 
13-Sep-87 l2:30 75.0 

7 
4 
3 
6 
4 
4 
30 
58 
74 
82 
44 

4214 
2978 
6171 
8789 

h4 3.6 23.2 
1.1 5.8 6.3 
1.0 3.9 3.9 
2.0 4.8 9.6 
2 0  5.4 10.8 

2.0 17.0 34.1 
2.0 43.8 . 87.6 
2 0  65.7 131.4 

5.8 E3.2 3635 
22.5 2129.1 47905.9 

1.5 4514.8 6862.2 

2.0 4.4 ae 

1.0 n.8 n.8 

5.7 m.1 mn.8 

18.0 7479:9 134636.8 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
2.0 305.6 
2.9 191.3 
2.9 €3.5 
1.4 601.3 

TOTRL Gwy(s €rM: 1161.7 
W - Pwpover m r r e d  during this sampling period. 
+ - Extrapolated value foff the calibrated scale of 0-23) 

C-13 



TABLE 
WHITE WINE I I  - EHISSION D A M  FOR CATALYTIC HEATER 

TIHE ETOH ETOH ETOH ETOH nAss ETOH RASS ETOH 
ETOH I N  ETOH OUT INTERVAL I N  I N  OUT OUT FLOW I N  our 

T8Hi( SATE TlfE HOURS 
I 15-Sep-87 11:00 0.0 

16-Sep-07 16:45 29.8 
17-Sep-07 00:15 45.3 
17-Sip-87 11:55 48.9 
17-Sep-87 l h 3 5  53.6 
18-Sep-07 08:35 69.6 
18-Sep-87 13r30 74.5 
19-Sep-07 02100 87.0 
19-Sep-07 04:00 09.0 
19-Sip-87 06100 91,O 
19-Sep-87 00:15 93.3 
20-Srp-07 13:40 122.7 
20-Sep-87 22:OO 131.0 
21-Sep-E7 00:00 133.0 
21-Scp-E7 02:OO 135.0 
21-5tp-07 04:OO 137.0 
21-Srp-07 07100 140.0 
21-Srp-87 l l :05  . 144.1 
21-Srp-07 19130 152.5 
22-Srp-87 12100 Ib9.0 
22-Srp-07 15:OO 172.0 
23-Srp-87 09:35 190.6 
23-Scp-07 13:30 191.5 
24-Sip47 08:lS 213.3 

I P P M  

13.0 
0.9 
2.2 
3.9 
2.3 
18.7 
40.4 
57.5 
70.4 
76.6 

1782.9 
1079.7 
006.4 
740.3 
b6l.B 
524.1 
869.9 
615.9 
473.2 
383.7 
284.9 
269.2 
47.2 

IPPH) (HOURS) PPI! AV6 PPH-HOUR PPH AV6 PPI(-HOUR ISCFH) 1 6 R M S 1  16RAHS) 

7.4 
5.7 
0.0 
4.0 
3.1 
4.5 
1.1 
0.7 
0.7 
0.4 
5.6 
6.8 
2.5 
1.2 
0.2 
5.8 
6.0 
0.0 
7.5 
7.9 
2.2 
1.3 
0.6 

29.0 6.5 192.0 
15.5 6.9 107.2 
3.7 1.5 5.6 
4.7 3.1 14.3 

16.0 3.1 50.3 
4.9 10.5 51.8 
12.5 33.6 419.5 
2.0 53.0 105.9 
2.0 64.0 128.0 
2.3 73.5 165.4 
29.4 929.7 27349.0 
8.3 1431.1 11921.4 
2.0 943.1 1086.l 
2.0 777.3 1551.7 
2.0 705.1 1410.1 
3.0 593.0 1779.0 
4 . 1  b97,O 2046.2 
8 . k  742.9 6252.7 
16.5 544.5 8984.4 
3.0 428,k 1205.2 

10.6 334.3 6212.4 
3.9 277.0 1005.1 
10.8 1S0.2 2965.0 

3.7 
6.6 
2.9 
2.4 
3.9  
3.0  
2.8 
0.9 
0.1 
0.5 
3.0 
6.2 
4.7 
1.9 
0.7 
3.0 
5.9 
3.0 
3.7 
7-7 
5,l 
1.7 
1.0 

110.7 6.8 
101.9 7.0 
10.5 7.0 
11.3 7.0 
63.2 7.0 
18.7 7.0 
35.5 7.0 
1.9 7.0 
1.4 7.0 
1.1 6.8 

86.9 6.0 
51.4 6.8 
9.3 6.8 
3#7 7.0 
1.4 7.0 
9.0 7.0 

24.2 7.0 
25.4 1.0 
b l . 0  7.0 
23. I 7.0 
93.9 7.0 
6.8 7.0 
17.0 7.0 

TOTAL 6RAIIS ETOH: 

i A N <  DATE T l f l E  
2 15-Scp-87 11:oo 

11-Sep-81 I8:30 
18-Sep-87 09:30 
18-Sep-87 17:45 
19-iep-81 12:25 
20-Sep-87 1k:25 
21-Sep-07 10:OO 
21-Sep-E7 12:20 
21-Sep-87 17: IO 
21-Sep-07 2200 
22-Sep-87 00:OO 
22-5ep-07 02100 
22-Srp-87 0 k : O O  
22-Sep-07 06130 
22-Sep-87 1 3 : 4 5  
22-Srp-87 16150 
23-Sep-87 11:OS 
23-Srp-07 IS: 10 
24-Sep-87 00:OO 

24-Sep-87 04:r)O 
24-5.0-07 06:4O 

24-Sep-87 02:oo 

YHlIE WINE I1 - ERISSION DATA FOR CARBON AOSORPTIOII UNIT OVERALL EFFICIENCYi 

4-2 
2.4 
0. I 
0.3 
1.1 
1.2 
9.4 
2.4 
2.9 
3.6 

593.3 
258.7 
40.9 
34.7 
31.5 
39.7 
63. b 
139.6 
200. b 
20.7 
138.7 
24.2 
bb.2 

Ib8O.O 

2.4 
2.3 
0.2 
0.3 
1.4 
0,4 
0.0 
0.0 
0.0 
0.0 
1.9 
1.1 
0.2 
0.1 
0.0 
0.2 
0.5 
0.6 
l , k  
0.5 
2.1 
0.2 
0.1 
17.0 
99.01 

T i n E  ETOH EIOH ETOH EIOH nAss ETOH NASS ETOH 
ETOH IN ETOH OUT INTERVRL 1 W  Il l  OUT OUT FLOW IN OUI  

HOURS ippn)  
0.0 
55.5 0.8 
70.5 9.0 
78.8 21.4 
97.4 ,141.8 
123.4 2037.3 
143.0 896.2 
145.3 940.6 
150.2 901.8 
155.0 k26.2 
157.0 365.8 
159.0 363.6 
161.0 366.5 
163.5 364.2 
170.0 520.3 
173.8 401.9 
192.1 272.6 
IP6.2 239.8 
205.0 136.7 
207,O I62.I 
209.0 147.9 
211.7 IZb.9 

IPPRI  IHOURSI PPI( AV6 PPH-HOUR PPH AV6 PPH-HOUR ISCFH) (GRAMS1 16RAHSl 

0.9 
2.9 
10.8 
5.5 
20. 8 
5.3 
6.0 

113.1 
1 . 9  
0 . 6  
1.1 
0 . 6  
0.5 
6.4 

12.6 
6.4 
14.7 
27.7 
20.9 
16.6 
13.6 

55.5 0.4 22.1 
15.0 5.3 79.8 
8.3 15.6 129.0 
18.7 81.6 1523.1 
26.0 1009.5 28328.2 
19.6 1466.0 28723.9 
2.3 , 922.4 2152.3 
k.8 925.2 4k71.9 
4 . 0  6bl.0 3209.4 
2.0 396.0 792.0 
2.0 364,7 729.4 
2.0 365.1 730.1 
2.5 365.4 913.k 
7.3 142.2 3206.1 
3.1 461.1  1421.6 

18.3 337.3 6154.0 
4.1 256.2 1046.1 
0.0 108.3 1663.0 
2.0 149.4 298.8 
2.0 155.0 310.0 
2.7 137.4 366.5 

C-14 

0.4 24.9 7.0 
1.9 28.6 7.0 
6.9 56.6 7.0 
0.2 152.2 b.0 

13.1 255.6 7.0 
6.1 14.1 7.0 
60.0 289.8 7.0 
57.5 278.0 7.0 
1.3 2.5 7.0 
0.0 1.7 7.0 
0.9 1.7 7.0 
0.6 1.4 7.0 
3.4 25.0 7.0 
9.5 29.3 7.0 
9.5 173.8 7.0 

I0.S 43.0 7.0 
21.2 187.3 7.0 
21.3 48.6 7.0 
18.7 37.4 7.0 
15.1 40.2 7.0 

TOTAL GRAMS EIOH: 
OVERALL EFFICIENCY: 

13.2 342.2 7.0 

0.5 
1.8 
2.9 
33. I 

632. b 
641.4 
48.1 
99.9 
71.7 
17.7 
16.3 
16.3 
20.4 
71.6 
31.7 
137.4 
23.4 
37. I 
6.7 
6.9 
8.2 

1925.5 

0. b 
0.6 
1.3 
3.3 
7.6 
5.7 
0.3 
b . 5  
6.2 
0.1 
0.0 
0.0 
0.0 
0. b 
0.7 
5.9 
1.0 
4.2 
1.1 
0.8 
0.9 
45.3 
97.b1 



.. ' . 
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lABLE 

YHlTE MINE I1 - EIISSION DATA FOR HATER SCRUBBER 

TIHE ETOH ETOH ETOH ETOH nnss ETDH NASS ETOH 
ETOH IN ETOH OUT INTERVAL I N  1N OUT auT FLCN IN OUT 

TANK DATE TINE HOURS IPPI )  (PP I )  tHOURS) P P I  AV6 PPI-HOUR PPI! AV6 PPI-HOUR tSCFII) ISRAIS) IGRAIS)  
3 15-Sep-87 ll:OO 0.0 

17-Sep-87 09:kJ 
17-Sep-87 15: IO 
17-Sep-87 19145 
18-Sep-87 10130 
18-Sep-87 22100 
18-Sip-87 23:OO 
19-Sip-87 16: 15 
20-Scp-87 I6:20 
21-Sep-87 08130 
22-Sep-87 l6:OO 
23-Sep-87 I I : 45 
23-Sep-E7 16: 15 

46.8 
52.2 
56.8 
71.5 
83.0 
8k.0 
101.3 
125.3 
141.5 
173.0 
192.8 
197.3 

1.3 0.0 k6.E 
2.8 3. I 5 . 1  
0.0 0.8 4.6 
15.0 ' 2.8 14.8 
64.9 1.3 11.5 
19.7 0,O 1.0 
440.0 L 5  17.3 
2139.,8 7.9 21.1 
437.9 5.2 16.2 
361.1 23,8 31.5 
311.8 22.5 19.7 
174.7 5. k 4.5 

0.6 30.2 
2.0 11.1 
1 . k  6.4 
7.5 110.7 
40.0 69.4 
72.3 72.3 
263.9 k551.8 
1293.9 3116l.l 
1288.8 20835.8 
399.5 12583.7 
336.5 bbk5.0 
2k3.3 1091.7 

YHITE NINE I 1  - NO CONTROLS 

TINE ETOH ETDH 
ETOH IN ETOH OUT INTERVAL IN IN 

TANK DATE T I N E  HOURS I P P I )  IPPNI tHOURS) P P I  AV6 PPI-HOUR 
k 15-Sep-87 11:OO 0.0 

16-Sep-87 15:SO 28.5 24.1 
16-Sep-87 19:k5 32.8 0.7 
16-Scp-87 22100 35.0 0.7 
17-Srp-87 00100 37.0 0.5 
17-Scp-87 02:OO 39.0 4.5 
17-Sep-E7 0 k : O O  k l . 0  4.5 
17-Sep-87 O6:3O 43.5 3.8 

17-Sep-87 16:OO 53.0 8.5 
17-Sep-87 11:OO k8 .0  4. I 

17-Scp-87 22:OO 59.0 11.5, 
IE-Scp-87 0O:OO 61.0 18.2 
18-Scp-87 02:oO 63.0 27.2 
18-Sep-87 01100 65.0 ' 34.2 
18-Sep-87 0 6 : k S  67.8 35.0 
18-Srp-87 11:k5 72.8 123.7 
20-Sep-87 18140 127.7 5568.0 
21-Sep-87 lkr30 147.5 SI2b.O 
22-Sep-87 08:30 165.5 k298.7 
22-Sep-87 09:30 166.5 4734.4 
22-Sep-87 18:30 175.5 5122.9 
22-Sip-87 20:OS 177.1 4626.0 
22-Sep-87 22:OO 179.0 k190.9 
23-Sep-87 0O:OO 181.0 3958.7 
23-Sep-87 02:OO 183.0 4297.5 
23-Srp-E7 04100 185.0 4260.1 
23-Sep-87 O6:45 187.8 k218.9 
23-Sep-E7 IhkI 199.8 5020.3 
2k-Sep-87 09:lS 21k .3  1425.k 

22.5 
-0.4 
2.3 
2,o 
3.8 
3.2 
3.0 
3.4 
9. k 
11.5 
18.1 
27.2 
31.1 
30, 6 
117,7 

5561.5 

4573.3 
5114.0 
5123.3 
4742.4 
k025. 6 
4121.8 
4560.5 
k 5 k 8 . 5  
4501.1 
5668.7 

--- 

--_ 

28.5 12.1 344.0 
4.3 12.1 52.7 
2.3 0.7 1.6 
2.0 0.6 1.2 
2.0 2.5 5.0 
2.0 4.5 9.0 
2.5 k . 2  10.4 
1.5  3.9 17.7 
5.0 6.3 31.5 
6.0 10.0 60.2 
2.0 14.9 29.7 
2.0 22.7 45.4 
2.0 30.7 61.4 
2.8 3k .6  95.1 
5.0 79.k 396,E 
5k.9 2815.9 156285.7 
19.8 5517.0 106049.1 
18.0 4712.3 84822.0 

1.0 4616.5 4616.5 
9.0 5028.7 (5258.0 
1.6 487k.5 7717.9 
1.9 kkO8.k  8k49.5 
2.0 4074.8 E149,6 
2.0 1128.1 8256.3 
2.0 1278.8 8557.6 
2.8 4239.5 l1658.5 
12.0 kbl9.6 J5435.1 
14.5 3222,E k6731.2 

0.0 0.0 7.3 
1.5 8. k 7.0 
1.9 8.9 1.0 
1.8 26.9 7.0 
2.1 23.8 7.0 
0. 6 0.6 7.0 
1.7 30.1 6.9 
5.7 137.7 6.3 
6.6 106.4 7.5 

1 k a 5  457.8 7.0 
23.2 457.6 7.0 
14.0 62.8 7.0 

TOTAL GRANS ETOH: 
OVERALL EFFICIENCY: 

0.7 
0.2 
0. I 
2.5 
10.3 
1.6 

98.1 
621.3 
,498.5 
281.0 
1k8.k 
2k.4 

1687.8 

0.0 
0.2 
0.2 
0. 6 
0.5 
0.0 
0.7 
2.7 
2.5 
10.2 
10.2 
1.1 
29.3 
98.31 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
.1.4 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.E 
0.8 
0.8 
0.8 
0.E 
0.8 

TOTAL S R A I S  ETOHi 

C-87-Ok1 

0.0 
' 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

678.0 
270.6 
216.5 
11.8 

115.5 
19.7 
21.6 

21.1 
21.8 
29.8 

1k1.5 
119.3 
1687.9 

20.0 
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SECTION 11. EQUIPMENT 

Fermentation Thc pilot plant installation whcrc this work was pcrformcd is locatcd at 
thc CSU, Frcsno cnolngy facilit). This fcrmcntation linc is providcd with a 
bin dumpcr, a Dcmoisy Modcl-Dd crushcr stcmmcr, and ancillary 3-inch 
dianictcr stainlcss stccl must lincs. Pomacc prcssing was pcrformcd on a 
Buchcr RPL 18 prcss. 

Thc fcrmcntation line i t r l t  consists of four 1,412 gallon (shcll volumc) 
(1,467 nominal volumc) jackctcd, stainlcss stccl fcrmcntors (8 fcct high x 5.5 
fcct diamctcr). Thc tanks arc provided with manholcs on thc side at thc 
bottom of thc tank and on thc conical top. In addition, cach tank has a 6-inch 
diamctcr liddcd hand holc on top. A ?-inch diamctcr vcnt is located a t  thc 
ccntcr of thc conical top. The tank shclls arc insulatcd with 3-inch thick 
polyurcthanc. aliphatic coating. Only tanks 1 and 2 wcrc used for this CX- 
pcrirncnt. Both tanks arc  providcd with ?-inch diamctcr pt~mpovcr  lincs 
which cxtcnd to about 1-inch below thc uppcrrnost hcight of thc tank shcll. 
At this point, thc pipe entcrs semi-tangcntially into the tank to allow for as 
cven a spray as possible. in addition, the pumpover lincs arc provided with a 
sight glass to allow for visual determination of pumpovcr rate and, whcn 
pumpovcr is not bcingconducted, with a mcans to indicatc if a foamover 
occurs. This dcvice pcrmits must pumpovcr in what is csscntially a “closed” 
system without the nccd to open either thc manhole or hand hole. 

Each tank is also providcd with an anti-foam injcctor which consists of a 
silastic gland.fitting locatcd midway bctrvccn thc uppcr nianhole and thc 
tank vcnt. Each tank also has a sampling tap locatcd 4 inches abovc thc 
bottom manholc. Tank 1 was termcd ”rcfcrcricc” and tank 2 was tcmicd 
“controllcd.”Thc vcnt of tank 1 was affixcd to mcasuring dcviccs to dctcr- 
niinc gas characteristics and flow. The vent of tank 2 was provided with a 
stainlcss stcel capturc hood which was piped to the emissions control dcvicc 
through 1-inch dianictcr piping as dcscribcd bclow. 

Cooling water (4.1 dcgrccs Fahrcnhcit) for thc tank jackcts and con- 
dcnscr unit was provided bya 25-ton, chilled watcr rcfrigcration unit. Tank 
tcmpcraturcs wcrc thcrmostatically controlled by UESOO controllers in 
conjunction with Rcd Hat solcnoid valvcs. 

Fcrmcntation emissions were collcctcd from fcrmcntation tank 2 which 
is fittcd with a cylindrical stainless stccl capturc hood provided with a slittcd 
plastic skirt that extends to the top of thc tank. The purpose of this skirt is to 
allow somc air to bc drawn into thc control piping. Also, this slittcd skirt acts 
as protection should a foamovcr occur. 

Emission 
Con troI 

Thc capturc hood (See Fig. 1) is connectcd with I-inch stainless stccl 
squarc tubing to a foamovcr pot. A rotarnctcr and valve arc locatcd at the 
cxit of this vcssel . From thcrc the linc g0CS into a tubc-in-tubc chiller coolcd 
by 44 dcgrces Fahrcnheit water. At the cxit of this chillcr’thcrc is a condcn- 
Satc collection vessel (300 mL volumc). The purpose of this chiller and 
condensate trap is lo remove as much water as possiblc bcforc passing thc 
gas  stream through a charcoal adsorption bcd. Thc gas  strcam is thcn 
pumped through appropriatc piping and valving into cithcr one of two 



charcoal adsorption beds enclosed in insulated 6-inch diameter x 3-foot stain- 
less steel cylinders. After passage through the charcoal bed the stream is 
ducted into the atmosphere (See Fig. 2). 

Each charcoal adsorption bed is also connected to a source of dry, filtered 
steam for purposes of regeneration. In normal operation, one bed is adsorb- 
ing volatiles while the other bed is either in the process of being regenerated 
or is idle. 

Adsorbed volatiles freed from the charcoal upon steam regeneration are con- 
densed into a stainless steel reservoir cooled by chilled water at 44 degrees 
Fahrenheit. The vent from this system is provided with an additional con- 
denser in order to prevent the escape of volatiles into the atmosphere. 

Capture Hood 

Flgure 1 
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Instrumentation The instruments for determining ethanol concentrations and gas flows 
out of the fermentation tanks and through the charcoal adsorption unit are 
listed in Table 1. The specifics of the instrumentation are noted below. 

I Table 1. Summary of Sampling and Analytical Methods 
I 
I 

Analytical Method or 
Detection Principle 1 Control to be Analvzed Sampline Method 

i 
I 

I 
i Gas Volume Positive Displacement Positive 
! Displacement 
! Gas Volume Gas Test Mcter Expinsion of 

Diaphragms 

Ethanol Continuous Analyzer FID 
Gas Rows Rotameter Balanced Forces ! 

I 

1. Ethanol Concentrations 

Ethanol concentrations were measured with Beckman 400 flame ionization 
detectors (FID). The Sensor is a burner. A regulated flow of sample gas p a s x s  
through a flame sustained by regulated flows of zero air and hydrogen (fuel 
32s) .  Hydrocarbon compounds, such asethanol, contained in the sample gas 
undergo a complex ionization producing electrons and positive ions. Polarized 
elcctrodcs collect these ions, causing current to flow through elcctronic measur- 
ing circuitry. Current flow is proportional IO thc rate at which carbon atoms 
enter the burner. 

An FID does not respond to carbon dioxide (CO,) or water vapor which 
is present in the fermentation gas stream with the ethanol. An FID will respond 
to other hydrocarbons in the gas stream,but previous studies indicated that the 
concentrations oi other hydrocarbons in thegas strcam are insignificant relative 
to the concentration of ethanol. 

2. Gas Flow and Volume Meas urernenl 

a.  Rotamcrcrs 
Rotameters measure fluid flow. They are variable-area, constant- 
head, rate-of-flow meters. As fluid flows upward through a tapered 
tube, a shapcd weight within the tapered tubc is lifled upward until 
the upward fluid force balances its weight. 

h. Positive Displacenient Meter 
Positive displacement mcters mcasurc total gas volume. Two figure-6 
shaped (two-lobed) impellerscounter-rotate within a rigid casing. 
Gas enters and exhausts on opposite sidcs of the casing. The impel- 
lcrs are accuratcly produced so that a continuous seal without contact 
is formed at all positionsduring rotation. A s  a result the impellers 
rotate with very little pressure and the gas on the inlet side is effec- 

D-4 



tively isolatcd from the outlet. In rotating, an impeller traps a 
known specific volume of gas bctween its lobes and the adjacent 
semi-circular portion of the mcter casing. Rotation of the impellers 
is measured by a magnetically coupled counter. 

c. Test Meter 
The test meter measures total volume. Gas entcrs one half of a 
doublc-diaphragm contained in a molded port and pan. Expansion 
of the diaphragm causes the metering unit to move. When one dia- 
phragm is fully expanded, then i t  begins to deflate and the other 
diaphragm begins to expand. Expansion of the second diaphragm 
causes the metering unit to continue to move. 

SECTION 111. METHODS 

Fermentations Four fermentations were carried out in this study as  follows: 

(1) Red 1 - Carignanegrapes from CSU, Fresno vineyard, 918 gallons 
per tank (65 percent fill); 80 degrees Fahrenheit nominal fermenta- 
tion temperature. Started 1200 noon September 2,1988. (Results 
for Red I are not presented in this report due  to problems in meas- 
uring the volume of gas vented from the reference tank and collect- 
ing the ethanol captured by :he charcoal adsorption unit.) 

( 2 )  Red II - Carignane grapes from CSU, Fresno vineyards, 918 gallons 
per tank (65 percent fill); 80 dcgrecs Fahrcnhcit nominal fermenta- 
tion temperature. Started 12:00 noon September 7, 1988. 

(3) White I - Clarified French Colombard juice (provided by Gallo 
Winery) (2 percent solids), 918 gallons per tank (65 percent fill); 80 
dcgrees Fahrenheit nominal fermentation temperature. This wine 
was fermented as  a red. Started 1200 noon September 14,1988. 

(4) Whitc I I  - Clarified juice as  above, 1130gallons per tank (80 percent 
fill); 55 degrees Fahrenheit nominal fermentation tempcrature. 
Started 12:oO noon September 19,1988. 

Saccharomvces ccreviseae var. Montrachet yeast was urd. Zero 
time for eachexperiment (fermentation) was inoculation time. Both 
“reference” and “controlled” tanks were filled simultaneously. Fermenta- 
tion progress was followed by measuring Balling and alcohol content (v/v 
by GC) at 8-hour intcrvals. For purposes of  this study, the fermentations 
were considered complete when the Balling reached 2 degrees. Fermenta- 
tion progress in  each c a r  may be seen in Figures 3,4,  and 5. 
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a. Gaseous Emissions 

Sampling for ethanol in the fermcntation tanks exhausts was 
performcd in accordance with California Air Resources Board 
stationary source sampling method, "Method 100 -Procedures for 
Continuous Emission Stack Sampling." This test method is used 
for determining gascous emissions from stationary sources. 

For this particular study threc gascous hydrocarbon sampling 
instruments were available to sample the inlet and outlet of the 
charcoal control unit and the vent of the reference tank simultane- 
ously. Total hydrocarbon concentration (mostly ethanol) was 
measured by an analyzer equipped with a flame ionization detector 
(FID). The gas samples were drawn through scpante Teflon 
sampling lines by three sampling pumps and cxhaustcd into the 
analyzcrs. Data from the three instruments were recorded on strip 
charts and a computer data acquisition system. The analyzers were 
calibratcd at  the ARB Sacramento facilities before the emissions test, 
and in thc field before, during, and after cach fcrmcntation. 

b. Flows 

Flow rates into the control unit and analyzers were measured 
with rotameters. The analyzers and the control device required 
specific constant flows for optimum pcrformance. The rotameters, at 
a glance, wcreable to indicatc i f  thc flows w r e  correct. Any flow 
adjustnicnt could be made quickly with the rotameters. The 
fcrmcntation period was timed so total flows could be calculated. 

A tcst gas meter and positive displaccmcnt meter measured total 
volume at a variety of flow rates. Thc tcst gas meter measured thc 
gas from the reference tank to the analyzers. Thc positive displacc- 
ment meter measured the amount of gas from thc rcference tank in 
CHCCSS of that needed by the sampling instruments. At the beginning 
and end of cach fermentation, gas production from the rcference 
tank was less than that requircd for thc instruments. At those times 
the positive displacement meter w a s  reversed to measure the 
dilution air going to the instruments. 

Row voIumes out of the refcrencc tank and flow rates through 
the control unit were periodically recorded during each fermenta- 
tion. 

SECTION IV. RESULTS 

As mentioned above, all fcrmcntations wcrc considered complctc Fermentations 
for the DUTPOSCS of this exmrimcnt whcn the Balline dccrcased to or  " 
below r' dcgrccs. Figures i, 4 ,  and 5 show progrcss for cach fermentation. 
AI1 fermentations were typical as  shown by thc decrease in Balling and 
the concomitant increase in alcohol contcnt. 
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Since White Wine I was fermented a s  a red (80degrccs Fahrcnhcit), 
its fermcntation curve is accelerated ascompared to that of  White Wine I1 
which was fermented at 55 degrces Fahrenheit in the traditional manner. 

For cach fcrmcntation, ethanol cmissions from both tanks and the 
charcoal adsorption unit are shown graphiially in Figures 7 through 12. The 
figures for the reference tank (tank 1) show the ethanol concentrations in 
parts per million (ppm) for the different periods of time plus the cumulative 
ethanol emission in pounds. The figures for the controlled tank (tank 2) show 
cthanol conccntrations in  ppm into and out of thc control unit and the cuniu- 
lative ethanol emission in  pounds into and out of the control unit. The 
controlled tank shows lower ethanol concentrations than the reference tank 
because dilution air is being drawn into the charcoal adsorption unit in ordcr 
to maintain 7cubic feet per minute flow through the unit. 

Emissions 

The total mass emissions, in pounds of ethanol from both fcrmcntation 
tanks for cach fermentation are shown on Table 2 below. The rangc is be- 
trvecn 1.60 and 4.14 pounds of ethanol. 

Table 2 Ethanol Emissions (Uncontrolled) 'i 

~ RefercnceTank, Controlled Tank, 1/  I I Fcrmcnta tion Ibs.of Ethanol Ibs. of Ethanol 
1. Rcdl l  3.93 -1.14 ! 

i 3. White I I  1.75 1.60 

i ~ 

I d. 

! 

j 2. White I 356  3.04 
' 8  

I /  Emissions from controlled tank to charcoal adsorption unit. 
I 

Table 3 below shows the total ethanol cniissions into and out of the 
charcoal adsorption unit duringeach fcrnicntation. This tilblc also shows 
the control adsorption unit during each fcrmentation. As indicatcd, the 
control efficiency of the charcoal unit was bcttcr than 98 pcrccnt for the 
thrcc fermentations. 

I i Table 3. Control Efficiency of Ethanol Control Unit (Charcoal Adsorption) 
i i Control . Ethanol Collectcd 2 /  
i Fcrmcntation 
1 Ibs. Ibs. 70 Ibs. 
~ 

j 2. White I 3.0-1 0.00321 99.9 2.96 ?~14.1! 

I 
1 
~ 

Ethanol In, Ethanol Out, Efficiency, 1/ from Control Unit 

I 1.Rcd I I  4.14 0.0653 9s.4 4.76 T ! k $ - (  

i 3. Whitc I I  1.60. 0.031 1 98.1 1.89 ; / 3 G - . J  , 

I /  Efficiency = l(ln-Out)/lnl 100 
2 /  Ethanol collected iscthanol rmovcrcd from thc charcoal adsorption unit. 

I 

! 
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I 

200 pounds per hour at initial s!eam pressures of 10 to 14 psig measured at the boiler. 

Outlet bed temperatures of greater than 230'F were obtained during 'normal' 

regeneration cycles. 

Condensed regeneration steam (condensate), including recovered ethanol, was collected, 

measured and analyzed for ethanol content prior to disposal. 

Operation of the system was continuously monitored and all pertinen: operations were 

logged at least once per hour. Logged data for all eight fermentation cycles are shown 

in the "Field Data" section. The duties of the emission test operators are attached as 

Appendix 2. 

- 
Both inlet and outlet ethanol concentrations were monkored by CAR8 personnel during 

runs 6, 7 81 8. Chart data for these tests are attached as Appendix 4. 

FERMENTATION CYCLES 

A total of eight fermentation cycles were conducted between August 29 and September 

28, 1990. Fermentation cycles 1, 2 and 8 were conducbd with clarified juice at 

fermentation temperature of approximately 58' F. Initial Ballings (% sugar w/w) were 

approximately 20' and final alcohol contents were approximi:tely 12 Ox. Tank fill was a 

nominal 170,000 gallons. 

. .  ! 



~ ~ 7- 
The remaining fermen:ation cycles 3 through 7, were red fermentations at nominal 

fermenta:ion temperatures of 73-F. Initial Ballings were 'approxima!ely 23 ., and final 

alcohol contents varied from 8.6 to 10.2 % before transfer to other tanks. ' 

.. _ .  

AI1 fermentation practices utilized were normal E. &. J. Gallo Winery operating procedures. 

Exhibits 1 through 8 show relationships between time, sugar content, alcohol content and 

fermentation temperature for each cycle. 

0 .  

All sampling procedures, analysis and record keeping were conducted by.E. & J. Gallo 

Winery personnel in accordance with normal winery operation, and as required by 

.. .  appropriate governmental agencies..:. . . . . . .  

. . . .  . . . . . .  . . . . . .  ?. ... , . ,  . .  . .  . . . . .  i .  I. - . . . .  !5 8 : ; .  2.. .. . . .  . . . . . .  -. .. 
i . . _ .  

RESULTS OF FERMENTATIONS - . .  

. . Combined average results of fermentation'conditions and qu%txes and combosition of 

carbon regeneration condensate are shown in Tables 1 and 2. 

. .  :.. . . . . .  ! . . . . . . .  . . . .  
: . . . .  ~ . . ,  . . . .  3 .  

. . . .  .... . I  . .  I . . .  
A carbon activity analysis was conducted 0n.a composite sample of carbon removed from 

the carbon beds after the final regeneration of the carbon at the conclusion of the tests. 

The reported 'slight loss of activity" was judged by the' equipment manufacturer to be 

typical for carbon which has been in service. A report of these tests is included as 

Appendix 3. 

. .  

. .  

. . . .  

.. 
Results of "wipe tests" on inside surfaces of ducting to judge sanitation conditions were 

negative. Minimal carryover of foam or Juice from the tank was' noted. Significant 
i 

i 

i 

! 
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No. 

1 
2 
3 
4 
5 
6 
7 
8 

digcoloring of the hood was noted. No significant foam-over was detected during the 

program. It was reported that on on3 occasion, carryover required more extensive 

cleaning than simply wiping the duct interior. This was not thought to be significant 

enough to require recording, and the cleaning was completed by operating personnel. 

Pressure drop through the carbon beds, (fan discharge to carbon bed outlet), remained 

constant at approximately 12.0 inches water column at low C02 concentrations. Internal 

fermentation tank pressures of 0.025 inches water column were measured at maximum 

red fermentation rates and with the adsorption system in normal operation. . . .  

. . .  . . . . . .  .j-... . .  . . .  
I .  . . . .  . .  . .  .. . .  . .  . .  

The calculated amount of fuel required for the boiler during a normal red;wine 

fermentation cycle requiring an average of 14 regenerations was 6.4 million BTU. Cooling 

w&r volume was not measured, but cooling must be supplied at a rate of 25,000 BTU 

. . . .  . . . . . .  per hour t9 condense regeneration steam and alcohol: i. . .  .. ../ ...I 

Fermentation -. 
Type Date ' 

. .  

While 8129-9/3 
Whhe 9/5-9111 

Red 9/16-9/17 
Red 9118-9/19 

fiej 911 Z-3/13 
Red 9114-9/15 

Red 9120-9/22 
White 9/23-9/28 

1990 DEMONSTRATION PROGRAM 
FERMENTATION CONDITIONS 

. ' .  TABLE 1 . .  

Volume Total Avg. Initial 
Fermented Houn 

172,000 
170,000 
164,000 
164,000 
164,000 
160,000 
160,C€Xl 
170.000 

164 59 
148 '56 
32 72 
28 74 
32 73 
36 73 
48 74 
128 57 

20.0 
2c.O 
23.2 
23.0 
23.0 
22.8 
22.6 
21.6 

Flnal 
Balling 

, .  . . . .  . .  
so.2' 
d . 1 *  
6.5 
6.2 
5.0 
7.0 
4.6 
50.7. 

. . . .  

Final 
Alcohd 
(% v/v) 

12.0 
12.0 I 
9.5 
9.3 
9.6 
0.9 
10.2 
11.7 

* Residual Sugu 
Nora: Fermentailon Tank 30'4.. 0 X 207,000 gallons, ... 
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1990 DEMONSTRATION PROGRAM 
CONDENSATE OUANTITIES AND ANALYSIS 

TABLE 2 

Condensate 
Fermentation Collected 

Number . (Gallons) 

. ' 1  
2 
3 
4 
5 
6 
7 
8 

383 
775 
275 
220 
325 
352 
454 
339 
. .  . .  

Alcohol 
Content 
(% V I V I  

9.45 
7.75 
25.45 
24.55 
21.85 
21.85 
21.30 
12.50 

Alcohol 
(Pounds) 

238.3 
395.5 
460.8 
355.6 
467.6 
506.4 
636.7 . 
279.0 

Ftlrd5Axi-d 

Fermented 

l.=(a) 
2.33 
2.80 
2.16( b) 
2.85(b) 
3.17 
3.98 
1.64 

PK &k. 

. .  

(a) Programming and fan problems resulted in significant unit down-time 
(b) Wet carbon beds noted . .  ... . .  . .  " r ' < ; . , ; . ~ ' . :  . . . . . . . . . .  , : ..-..:; . . . . .  .. 

. . . . . . . . . . . . . .  ...... . .  . . .  . . . .  I . . . . .  ' .  _ I  . . . . . .  . . . . . .  . . . . .  . . . . . .  . . . .  . . . .  . ,-:. - . ._ .;. . . , .  . 
ION OF OPFRATlONS DISCUSS 

Several majoi operaional problems were encountered'during the program. While all were 

corrected without disturbing the normal fermentation .cycle, significant down-time was 

experienced a d ,  therefore, the overall capture of emitted alcohol was reduced. Since 

only one ferrnen'ation tank was connected to the system, the quantity of ethanol not 

captured would be variable with the type of wine fermenting and the point in the 

fermentation cycle. Operational problems included: 

. . . . . .  , , : . .  , .  . .  

. . . . . . . . . . . .  , ....... . . - . .  - . ;.. .: ": 
, s i  l i 

. .- .. ....... 7 . .  ; :  ,: :-.:r '..' . 2 . .  . . . .  . .  ... . . .  ..,.. 

. . . .  . .  . . . , = . . . .  . . . . . . .  , .  - .  . .  . .  . . ( . I . > .  . . . . . .  .... ._.. ... . . . . . . . . . . . . .  .- . , . .  . -  

. . . . . .  . . I \  . , ,- .. .!. : . . . .  L .  . , ' I '  .. :;. , .\ '. * .. ' . . . . . . . . . . . . .  . . . . .  . .  

. .  . . .  

... . .  ... . .  . . . . . . .  ...... I . . .  . .  .. . .  
. .  

Excessive fan vibration resulting from failed bearing and distorted shaft Unit 
>.. . . .  . .  

was shut-down and parts replaced. 

Shut-down of analyzer system on several occasions due to: 

a) loss of fuel 

b) loss of ignition 
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c) moisture in inlet line 

d) sample pump failure 

Adsorption unit was bypassed in all cases and analyzer system problems 

corrected. Time loss was variable from 30.minutes to three hours on each 

occasion. 

. .  
3) Initial programming problems of regeneration cycle antroller resulted in 

delayed start-up of unit during initial fermentation cycle. 

. .  - ::- . .  . .  . .. . .. "! . ' 
. .  

. .. 
..  

4) Plugging of condensate withdrawal lines resukng in incomplete regeneration 

cycles during fermentation cycles 4 and 5. Carbon fines migrated through . .  

support screens and plugged drain piping, resulting in an inability to achieve 

desired regeneration cycles. The unit was shut down and lines cleared. This 

problem, which was assumed to be a result of new carbon, resulted in both lost 

unit availability during repair and inefficient operation during period before 

repair. 

,: . . .  
- .  

. .  . .  . . . $  
. .  . .  

. . , . . . . . - *  . . . .. . . . . . . .. , . .... , 
1. . .. . . . .. 

.. . .  .. . -.  , . _  . .  
. . 

. .  ". . .. 2: I.C . . . . .  .. . 

.. 

. .  
Minor operational difficulties were also encountered, but resulted in minimal disruption of 

mi: availability. These include: 

Failure of pressure gauges 

Adjustment of rental boiler staam pressure controls 

- E-6 
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- Calculations based on average carbon &sorbor outlet gas e:hanol 

concenvatjons and total amounts of alcohol condensed indica:e that alcohol removal I 

excjencies of greater than 98% were achisved for red wine fermentation cycles.6 and 7 

and greatar than 97% for white wine fermentation 8. Comparison of inlet versus o d e t  

VOC concentrations as measured by. CARB staff confrms that these resub were 

achieved o n  an overall basis. Analyzer data for three fermentation runs, included herein 

as'AppendLu 4, .confirms the overall efrlciencies noted above. It should be noted that 

these efidenciss are for the carbon adsorber units only, and do not reflect overall system 

capture and abatement efiiciency. As addressed above, total capture may have been less 

than 90% during short periods of red wine fermentation. 

......... . . . . .  3 ,:.. .. , . . .  ._ . . . .  . . .  . . . . . . .  . .  :. ._. . .  .- . .  ,,;. - . _. -. ;. .: ..  

Q%rall FfiicierlEy -'.Overall effiaency is also effected by pumpover and sampling.pmctic& 

The fementqtion tank utilized had facilities. which aHowed both sampling and pumpover 

without requiring the removal of tank top opening covers. Captuia of gases evolved from 

the tmk during famentation was, thsrefore, prirnarily.limi-ted by hood capture effiaency 

. . . . . . . .  .......... I .  . and system flow rate capacity. ..I. . . . . . .  

. _  . . . .  
. I  . . . : .  . . .  . . . . .  : . .  , ., . .  .;.. I<,: '. : 

Ethmol to Ca rbon Rat ios The amount of ethanol, adsorbed per pound of-carbon for 

each regeneration cycle was within the normally expected range.of alcohol concentrations 

and bed temperatures experienced. Calcula!ed averages were 0.052 pounds ethanol per 

pound of carbon for red wines and 0.025 pounds per pound of carbon for white wine. 

.. 

. . .  . . . . . . .  

Elhano1 Content of Condensata - Condensate ethanol concentra:ions of 21 to 25% (v/v) 

for red wine fermentations and 8 lo 12% for white wine were observed. These values are 

I 

i 

- j . -  
E-7 



WINE 111, FERYENTATION 6 

Date Time 

1030 
1100 
1130 
1200 
1230 
1300 
1330 
14 00 
1430 
1500 
1530 
1600 
1630 
1700 
1730 
1800 
1830 
1900 
1930 
2000 
2030 
2100 
2130 
2200 
2230 
2300 
2330 

9/20/90 2400 
0030 
0100 
0130 
0200 
0230 
0300 
0330 

END 0400 

AVERAGES 

THC, ppm C3 Recovery, 
I n  Out percent 

1300 
1350 
1300 
1800 
1950 
1850 
1800 
1900 
2050 
2100 
1750 
1800 
1650 
1550 
1500 
1500 
1450 
1400 
1450 
1450 
1500 
1500 
1500 
1550 
1550 
1600 
1650 
1700 
1800 
1800 
1800 
1800 
750 

1800 
1800 
1650 

1093 

22 
23 
12 
14 
20 
22 
15 
16 
21 
14 
13 
15 
14 
11 
12 

14.5 
11 
11 
12 
15 
13 
11 
11 
13 
10 
11 
9 
9. 
9 
8 
7 
7 

7.5 
8 
7 

6.5 

12 
(Fern. only) Overall E f f .  => 

Emptying 0430 1150 6.5 
Tank 0500 800 . 6 

0530 700 6 
0600 600 5.5 

98.3 
98.3 
99.1 
99.2 
99.0 
98.8 
99.2 
99.2 
99.0 
99.3 
99.3 
99.2 
99.2 
99.3 
99.2 
99.0 
99.2 
99.2 
99.2 
99.0 
99.1 
99.3 
99.3 
99.2 
99.4 
99.3 
99.5 
99.5 
99.5 
99.6 
99.6 
99.6 
99.0 
99.6 
99.6 
99.6 

97.0 
98.9 &-- 

99.4 
99.3 
99.1 
99.1 

E-8 



WINE 111, FERMENTATION 7 

Date Time 

1200 
1230 
1300 
1330 
1400 
1430 
1500 
1530 
1600 
1630 
1700 
1730 
1800 
1830 
1900 
1930 
2000 
2030 
2100 
2130 
2200 
2230 
2300 
2330 

9/22/90 2400 
0030 
0100. 
0130 
0200 
0230 
0300 
0330 
0400 
0430 
0500 
0530 
0600 
0630 
0700 
0730 
0800 
0830 
0900 
0930 
1000 
1030 
1100 

End 1130 

THC, ppm C3 Recovery, 
In Out percent 

1400 
1350 
1300 
1250 
1200 
1250 
1350 
14 00 
1450 
1450 
1450 
1425 
1500 
1500 
1500 
1550 
1500 
1350 
1300 
1350 
1350 
1325 
1400 
1500 
1550 
1450 
1450 
1450 
1450 
1450 
1525 
1550 
1550 
1475 
1350 
1425 
1500 
1450 
1500 
1500 
1575 
1000 
850 
800 
550 
4 00 
350 
250 

AVERAGES 960 

14 
18 
12 
8 
11 
13 
10 
9 
12 
14 
10 
13 
18 
11 
11 
18 
14 

6 
14 
19 
8 
8 
13 
22 
11 
10 
19 
22 
8 
10 
14 
23 
11 
13 
27 
20 
9 
14 
19 
23 - 
23 
18 
29 
22 
8 

10 
10 
13 

13 

99.0 
98.7 
99.1 
99.4 
99.1 
99.0 
99.3 
99.4 
99.2 
99.0 
99.3 
99.1 
98.8 
99.3 
99.3 
98.8 
99.1 
99.6 
98.9 
98.6 
99.4 
99.4 
99.1 
98.5 
99.3 
99.3 
98.1 
98.5 
99.4 
99.3 
99.1 
98.5 
99.3 
99.1 
98.0 
98.6 
99.4 
99.0 
98.7 
98.5 
98.5 

* 98.2 
96.6 
97.3 
98.5 
97.5 
97.1 
94.8 

97.2 
98.6 4-- Overall Eff. => 

E-9 
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WINE 111, FERMENTATION 8 

THC, ppm C3 Recovery, 
Date Time In Out percent 

0700 
0800 
0900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 

9/28/90 2400 
0100 
0200 
0300 
0400 
0500 
0600 
0700 
0800 
0900 
1000 
1100 
1200 
1300 
1400 

310 11 
280 19 
290 6 
290 4 
300 5 
330 13 
320 20 
300 . 34 
280 4 
270 6 
260 27 

. 270 3 
260 4 
270 9 

19 
29 
42 
59 
1 
2 
5 
8 
14 

280 65 
290 2 
290 4 
340 5 
350 
360 37 
320 27 

AVEEL4GES 213 16 
Overall Eff. => 

96.5 
93.2 
97.9 
98.6 
98.3 
96.1 
93.8 
88.7 
98.6 
97.8 
89.6 
98.9 
98.5 
96.7 

76.8 
99.3 
98.6 
98.5 

100.0 
89.7 
91.6 

88.0 
92.5 .e 

E-10 
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Maria Lima 
S.J.U.V.A.P.C.D. 
1999 Tuolumne Street 
Fresno, CA 93721 

Dear Ms. Lima: 

Enclosed is the protml for. and results of, the full scale emission 
tests 
m, 
(0 develoo 

at E. 8 J. Galk’s frssno Wwy. ks the atMch?d doarmentab‘on 
devised m conjmctim with the staffdthe California Air 

Resaaces Board. mld maricoced bymemkwsdthestsn. The fximrv- 
lnis could be done very 

Thevolumeofthe 

. .  ..-e- ’ -*ped 

were also quantitated. lWs provided the basis tor our estimate of total acetald&y& 

was calculated in pounds per thousand galloos and then applied to the total amount 
d wine fennen(ed that yew in each category. 

Copies of the maiytid data sheets, the volume of axdensate for each test 
fermentation. the cakxlatioos of the awage acetaidehyde content for the red and 

white wine fermented that year are included. 

measurement history. arid the information taken frcm those experiments which were 
w m q -  ’ wacsraldehyde- and to give a q h  eslimatedthe 
H,S bvek based on lrequent sampling using M g e r  tubes. (we realize that Mger 

emissions. T h e a v e r a g e ~ ~ M n g c h e m d a n d w h i t e f e n n e n t a t i o n s  

) thetotal gallom of red and *Ne- . ,and(=-- . .  

Thg#, should giwche backgfwnd m c h e ~ ~  emission 

-continued - 



. ,  ... 

Maria Uma 
Page 2 December 14. 1982 

resutts showed, H,S quanUties van'& tremendous% some fermentations had none. 
47 a n d t t m e ~ i c h t e s t e d  posctive did nol show a consistent pattern of emission. 

Mhur Caputi Jr. 

ACJ:el .. . 



. .  . . .. . .  

In acadanw with wr proposed Inventory p~ for the Emission Inventory C r M a  
and Guldeflnes Regulation for the Admhlstration of the Air Toxics "Hot Spots" 
Information and Assessment Act of 1987, Gall0 formulated a source test to determine 
the Bmwnt of acetaldehyde emitted from wr fermenters. During the fermentation, 
condensate WBS collected and the acetaldehyde concentration was determined by gas 
chromatography. The foOowing calculations were used to determine the total amount 
of acetaldehyde emitted from the fermentations during w r  1990 crushing season. - 

(Modesto Lab Results) 

Fermentation #I 

(170,016 gals) 
(whiw 383 gal. condensate x 3.78 L = 1.447.7 L 

22 mg/L x 1,447.7 = 31,849.4 mg = 31.8 g 
31.80 + 453.5 g/lb = 0.07 Ib 
0.07 Ib + 170.0 - 

Fennentrtlon #2 

(172,322 gals) 
(whw 484 gal. condenoete (fradkn #I) x 3.78 L = 1,829.5 L 

20 mg/L x 1,829.5 - 36,590 mg = 36.6 g 
36.6 g + 453.5 g/lb = 0.08 0 

291 Qat. CMdensate (taction +2) x 3.78 L = 1,100 L 
23 mg/L x 1,100 - '25300 mg = 25.3 g 
25.3 g + 453.5 g/lb = 0.06 Ib 

0.08 Ib + 0.08 Ib - 0.14 Ib 
0.14 Ib + 1723 - 

Femmtatlon #3 

(157,120 gals) 
(Red) 

Fermentstlon #4 

(152,740 gals) 
(Red) 

275 gal. condensate x 3.78 L = 1,039.5 L 

87.3 g + 453.5 Q/tb = 0.10 0 
84 w/L X 1,W.S - 87,318 mg = 87.3 g 

0.19 b + 157.1 

220 gal. condensate x 3.78 = 831.6 L 
87 mg/L x 831.6 L = 72,349 mg - 72.3 g 
72.3 g + 453.5 g/lb - 0.16 Ib 
0.16 Ib + 152.7 = 



. . . .  . . .  . .  

Fermentation #5 
325 gal. condensate x 3.70 = 1,228.5 L 
114 mg/L x 1.228.5 L = 14O,W9 mg = 140.09 
140.0 g + 453.5 g/tb = 0.31 Ib 
0.31 b + 145.3 = 

352 gal. condeosaie x 3.78 = 1,330.6 L 
16s mg/L x 1,330.8 - 224.871.4 mg = 224.98 
224.9 g + 453.5 g/lb = 0.50 Ib 
0.50 Ib + 146.1 = 

( R e d )  
(145,280 gals) 

Fermentation #6 

(146,145 gals) 
(Red) 

Fermentlrtlm #7 
454 gal. condensate x 3.78 = 1,716 L 
226 mg/L x 1,716.1 = 387,838.6 mg = 387.88 
387.8 g + 453.5 g/b = 0.86 Ib 
0.W Ib + 144.5 = 

(Red) 
(144,475 gals) 

Fermentation R0 
339 gal. condensate x 3.78 = 1.281.4 L 
58 mg/L x 1,281.4 = 74,321.2 mg = 74.3 g 
74.3 g + 453.5 g/lb = 0.16 Ib 
0.16 Ib + 169.0 = 

WW 
(169,028 gas) 

- O.ooo41 t O.Mx)81+ O.coo9 + 3 
= O.wO71 Ib/loa) gals 

= 0.0012 + 0.001 t 0.0021 t 0 . m  + 0 . m  + 5 
= 0.00274 Ib/lWO gels 



...... 

... . . .  

A.  CAPUTI-RES 

:D: RES TANK: ART 3100~60=0358 EXP. RUN el  

4LC 
AL D 
FO 
FS02 
ISOA 
IS03 
HEOH 
NBUT 
NPRO 
PH 
RSLC 
SEC3 
TA 
TSO2 
VA 

173 REO 0 7 S e p 9 O  1120 DRAW 04Sep90 0000 C E - & MC/L a4&f 
11.74 VOL x 
40. nc/L 
asr. mwL l-mmmtdn * I  

3. MC/L W-L 
149. MC/L Lrca-4X 4 

UN D MQ/L --- 
87. MC/L i-r- M C - C .  

UNDETECTADLE 

3. 46 
0 . 0 4  GIVIOOML 

UND MOIL 4 
0.64 W l O O M L  GG' d,- UNDETECTABLE 

-64. nQ/L L=vF sot- 
0.023 wioonL e 

F-5 



d 
.. . .  . . .  b 

16-10 -90  07: 17 AM RESEARCH SUUHARY 
a s  , 

'ID: RES TANK: AC 0000-00-0000 

9798 REO 0 9 0 c t 9 0  1926 DRAW 0 9 0 c t 9 0  0000 C E & 
ACTA 226. MC/L 
ALC 21.35  VOL X ~~~~ 

A L D  170. MC/L -==$A 
FO 1538. UC/L f"c 2 
I S O A  1010. U C / L  
ISOQ 217. U C / L  
MEOH 88. U Q / L  
NQUT 2. U C / L  
N P R O  100. MO/L 
SECQ 2. IlC/L 
VA 0. 019 C / l O O H L  

(3 9799 REO 0 9 0 c t 9 0  1526 DRAW 0 9 0 c t 9 0  0000 C 6 RUN (I5 

ACTA 114. H O / L  

ALD 260. M / L  
FO 10E2. MO/L . 
I S O A  631. 
ISOQ 193. UQ/L  
UEOH 119. O / L  
NBUT 2. O I L  

BECB UND m/L UNDETECTABLE 
VA 0.009 C/lOOr% 

.I 1 ' ALC 21.95 V M  X 

NPRO 140. m/L 

ACC 3800 REO 090ctW 1527 DRAW O P O c t 9 0  oo00 C 6- 

ACTA 169. MO/L 
ALC 21.80 VLL x 
ALD 180. m a  
F O  1298. UQ/L 
ISOA 793. UO/L  
IS03 217. ' UC/L  
MEOH 109. MQ/L 
NBUT 2. UO/L 
NPRO 114. M O I L  
SECB 3. UQ/L 
VA 0.011 O / I O O m  

ACC 9601 REO 0 9 O c t 9 0  1527 DRAW 0 9 0 c t 9 0  0000 C 6 - .. 

ALD 105. M W L  ~ 

FO  239. MO/L 
I S O A  143. MQ/L 
I SO0 22. UC/L 
HEOH 22. MO/L 
NQUT UND MO/L 
NPRO 74. M IL  
SECQ UND UO/L  
VA 0. 013 Q/lOOML 

UNDETECTABLE 

UNDETECTABLE 

F-6 



v 
RESEARCH SUMMARY 

CC: A CAPUTI-RES C C :  A. CAPUTI-RES 

L ID: RES TANK: AC oooo=oo~oooo 

ACC 9795 REO 090ct90 1526 DRAU 090ct90 0000 C 8 - 0 
- >  

0 . flQ/L 
ALC 9 . 1 9  VOL x 
ALD 95. flWL *2- l3 

0 FO 324. flQ/L 
ISOA 189. flO/L ~- 
I503 23. f lO/L 

0 UEOH 19. flQ/L 
NBUT UND f lQ/L  
NPRO 89. U Q / L  

VA 0.006 O/lOOtlL 
0 SECB UNO f lO/L 

UNDETECTAOLE 

UNDETECTABLE 

0 ACC 9796 REG 090ct90 1526 DRAW 09Oct90  0000 C 8 

ACTA 84. f lO/L 
0 ALC 2 5 . 0 5  VOL % - 

ALD 745. f lO/L  
FO 1712. f l Q / L  

0 ISOA 632. flO/L 
1608 152. f lO/L 
MEOH 230. f lO /L  

NPRO 338. M I L  
SECB UND W/L UNDETECTABLE 

0 NBUT 5. flO/L 

0 VA 0.010 O/ lOQnL 

0 
ACC 9797 REO 090ct90 1526 DROW 090ct90 0000 C 8 

ACTA 87. f lO/L 
ALC 24.60 vol-% 

0 ALD 550. flO/L 
FO 1299. f lO /L  
150A 671. flO/L 

E O H  199. HO/L 
0 1900 165. flO/L 

~- 
NBUT 6. flO/L 

0 NPRO 369. no/L ~ 

SECB 2. MOIL 
VA 0.011 Q/lOOML 0 

0 

0 

0 

0 

F-7 



RESEARCH SUMMARY u 

A CAPUTI -RES CC: A. CAPUTI-RES 

I D .  RES TANK. AC 0000.00-0000 

9795 REO 090ct90 1526 DRAW 090ct90 0000 C E P U f B  1 
ACTA 23. MC/L 
ALC 9. 15 VOL % 
ALD 53. nc/L 
F O  324. MC/L 
ISOA 189. MC/L 
IS03 23. MC/L  
MEOH 19. UC/L  
NBUT UND MC/L  
NPRO , 89. UC/L  
SECB UND M O I L  
VA 0.006 o/ioonL 

UNDETECTABLE 

UNDETECTAOLE 

' ACC 9796 REG 090ct90 1526 DRAU 090ct90 0000 C 8 0 

ALC 25.05 VOL X 
ALD 745. MO/L 
FO 1217. HC/L 
ISOA 631. M / L  
I SOB 152. UC/L 
MEOH 230. MO/L 
NBUT 5. nc/L 
NPRO 338. MC/L 
SECB UND MC/L  
VA 0.010 o/ioonL 

ACC 9797 REO 090ct90 1526 DR4U 090ctPO 0000 C 8 RUN *4 

ACTA 87. M O A  
ALC 24.60 VOL X 
ALD 550. MC/L  

I S O A  671. H O / L  
ISOB 163. M O I L  
nEm 199. HO/L 

NPRO 369. H C / L  
SECB 2. MC/L 

FO 1299. no/L 

NBUT 6. nc/L 

VA 0.011 a/iooHL 

UNDETECTABLE 

F-8 



CC: A. CAPUTI-RES C C :  A. CAPUTI-RES 

L ID: RES 

ACC 9795 REO 0 9 0 c t F O  1526 DRAU 0 9 0 c t 9 0  0000 C 8 RUN U2B 

TANK: AC oooo=oo-0000 

ACTA 23. RQ/L  
ALC 9.15 VOL % 
ALD s5. R G I L  
FO 324. ' M O I L  
ISOA 189. RQ/L 
IS03 23. RQ/L  
REOH 19. nwL 
NBUT UND R O I L  
NPRO E?. R O I L  
SECB U N D .  RQ/L  
VA 0. 006 Q / 1 0 0 R L  

UNDETECTABLE 

UNDETECTADLE 

ACC 9796 REO 0 9 0 c t 9 0  1526 DRAW 0 9 0 c t 9 0  0000 C 8 RUN Y 3  

ACTA 134. R Q / L  
ALC 25.05 VOL % 
ALD 745. RQ/L  
FO 1212. RQ/L 
I S O A  632. R O I L  
ISOB 1 s2. R Q / L  
REOH 230. RQ/L 
NBUT 5. R Q / L  

SECB UND RQ/L  
VA 0. 010 Q / l O M L  

NPRO 338. no/L 
UNDETECTABLE 

ACC 9797 REO ovoct90 i ~ 6  DRAW omCt90 0000 c e ,," 

ALD 550. 
FO 1299. 
ISOA 671. 
ISOB 165. 
REOH 199. 
NBUT 6. 
NPRO 369. 
SECB 2. 
VA 0.011 

MQ/L 
VOL x 
MC/L 
R Q / L  
RQ/L 
RQ/L 
RQ/L 
RQ/L 
MQ/L 
RQ/L 
Q /  lOORL 

.- ..._ 

F-9 



v . .  
b 

10-10-90 07: 17 AM RESEARCH S U N M Y  

L I D :  RES TANK: AC oooo=oo=oooo 

ACC 9798 REO 090ct90 1526 DRAU 090ct90 0000 C 8 RUN *7 

ACTA 226. MC/L 
ALC 21.35 VOL X 
ALD 170. MC/L 
FO I 558 .  MC/L  
I S O A  1010. h C / L  
IS03 217. MC/L 
MEOH 88. MC/L 
NOUT 2. M O I L  
NPRO 100. MC/L  
SECO 2. H C / L  
VA 0 . 0 1 9  C/ lOOML 

ACC 9799 REG 090ct90 1526 DRAW O ~ O C W O  0000 c e 
/,,/ m e  M C / L  

ALC 21.95 VOL X 
A L n  260. HO/L 
FO 1082. MO/L 
ISOA 631. MC/L  
I so8 193. MC/L 65 
HEOH 119. no/L 
NBUT 2. MO/L 
NPRO 140. MO/L 
SECB VND M O / L  
VA 0. 009 O/ lOOUL 

UNDETECTABLE 

ACC 9800 REO o v o ~ t 9 0  1 5 ~ 7  DRAU 0 9 o ~ t 9 0  0000 c e RUN 06 

ACTA 169. MO/L 
ALC 1 1 .  EO VOL X ~ 

A L D  I eo. nc/L 
FO 1298. MO/L 
I S O A  793. MC/L 
IS03 217. MO/L 
MEOH 109. MO/L 

NPRO 114. MC/L  
SECB 3. MC/L 
VA 0.011 OllOOrn 

NBUT 2. no/L 

ACC 9801 REO 090Ct90 1527 DRAU 090ct90 0000 C E 

ACTA 20. MC/L 
ALC 7 .10  VOL r. 
A L D  105. MC/L 
FO 259. no i L  
I SOA 143. MO/L 
I SO0 22. MO/L 
MEOH 22. MO/L 
NOUT UNO MC/L  
NPRO 74. H C / L  
SECB UND MC/L  
VA 0. 013 C / 1 0 0 M L  

UNDETECTABLE 

UNDETECTAOLE 

F-10 

~ 



L I D :  RES 
v 

TANK: AC 
W 

0000-00-0000 

ACC 9798 REQ 090ct90 IS26 DRAM 090ct90 0000 C 8 RUN *7 

ACTA 226. B C / L  
ALC 21.35 VOL X 
ALD 170. M C I L  
FO 15sa. WlL 
ISOA 1010. BQ/L  
IS03 217. B Q / L  
MEOH 88. B C / L  
NBUT 2. M Q l L  
NPRO 100. BWL 
SECB 2. MC/L 
VA 0. 019 C / 1 0 0 B L  

ACC 9799 REQ 090ct90 1526 DRAM 090ct90 0000 C 8 RUN *5 

ACTA 114. B C / L  
ALC 21.95 WL x 
ALD 260. MC/L 
FO 1002. BQ/L  
ISOA 631. B Q l L  

MEW 119. B O I L  
NBUT 2. MO/L 
NPRO 140. B O / L  
SECB UND BQlL UNDETECTABLE 
VA 0. 009 Q/lOOML 

IS08 193. nwL 

ACC W O O  REQ OVOct9O 1527 DRAU 090ct90. ooo4 C 6 
/ A  9 

ALD 100. n m  
FO 1296. tW/L 
ISOA 793. n o l i  
ISOB 217. n Q / L  
BEOH 109. MC/L  
NBUT 2. B C / L  
NPRO 114. B O I L  
SECB 3. MC/L 
VA 0.011 Q / l W M L  

1CC 9801 REO 090ct90 1S27 DRAU 090ct90 0000 C 8 RUN I 2 A  

ACTA 20. B C l L  
A L C  7.10 VOL 1. 
ALD 105. B Q / L  
FO 259. B C / L  
I SOA 143. B C / L  
I SOB 22. B Q / L  
MEOH 22. BQ/L  
NBUT UND M C l L  
NPRO 74. MC/L 
SECB UND B O / L  
VA 3. 013 0/100HL 

UNDETECTABLE 

UNDETECTADLE 

F-11 



v' . . 
RESEARCH SUHMARV 

v 
10-10-90 07: 17 AH 

L I D :  RES TANH: AC OOOO=OO-OOOO 

ACC 9798 REO 090~ ~ - I  t90 1526 DRAW 090~ t90 0000 c E rrrsyllli 
Z r Y  

H O / L  
ALC 21.35 VOL Z _. 
A L D  170. H C / L  

FO ISOA 1010. 155E. H Q I L  *mat1& e=+ 
IS03 217. H C I L  
HEOH 88. HC/L 
NBUT 2. MO/L 
NPRO 100. MC/L 
SECB 2. lG/L 
VA 0.019 C / l O O H L  

ACC 9799 REO 090ct90 1526 DRAW 090ct90 0000 C E RUN # 5  

ACTA 114. 
ALC 21.95 
ALD 260. 
F O  10E2. 
ISOA 631. 
I SOB 193. 
HEOH 1 I?. 
NBUT 2. 
NPRO 140. 
SECB UND 
VA 0. 009 

H C / L  
VOL x 
HO/L 
HO/L  
ffi/L 
HO/L 

H O / L  
HQ/L  

O/lOOru.  

noiL 

m/L UNDETECTABLE 

ACC w o o  REO 090ct90 1527 DRW 090ct90 moo c e RUN 46 

ACTA 169. 
ALC 21. 80 
ALD 180. 
F O  1298. 
ISOA 793. 
IS03 217. 
nEOH 109. 
NBUT 2. 
NPRO 114. 

HO/L 
VOL x 

W/L 
HO/L 
HO/L 
HO/L 
H Q / L  
M O I L  

no/L 

SECB 3. HO/L 
VA 0.011 Q/lWHL 

ACC 9801 REO 090ct90 1527 DRAW 090ct90 0000 C. E 

ACTA 20. M O l L  
ALC 7. 10 VOL x 
ALD 105. ffi/L 
FO 259. M / L  
I SOA 143. HO/L  
I SOB 22. MO/L 
MEOH 22. HQ/L 
NBUT UND H O / L  
NPRO 74. H O / L  
SECB UND H C / L  
VA 0. 013 0/100HL 

RUN 4 2 A  

UNDETECTABLE 

UNOETECTABLE 
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Hydrogen Sulfide Emission Factors 

Red Fermentations: 

77 0,: ' .;?'?, 

,: ';: , .  ,; 

, ; ' :  
I. > 

I Fermentation No. I Lbs. H,S Produced I Gallons Fermented 

3 0 .  157,120 

4 0 152,740 

5 0.42 145,280 

~~~~~ 

' 7  > . .  . . ., . .  . . .  

6 

0.51 144,475 

0.33 

Totals 

146,145 

1.26 745,760 

Fermentation No. 

8 :1 r 

Lbs. H,S Produced Gallons Fermented 
c. C O l  f 0.24 169,028 

Factor = 0.001 7 Ibs. H,S/l,OOO gallons (1.26/745,760) 

White Fermentation: 



. .  

Hvdroaen Sulfide Calcu lations 

1990 Fermentation - Fresno‘ 

Fermentatlon #3 
(Red) 

0 Hydrogen Sulfide 

Fermentatlon #4 
(Red) 

0 Hydrogen Sulfide 

Fermentatlon #5 
(Red) ’ 

Fermentatlon #6 
(Red) 

Portion of fen.  with measurable H,S = 16 hours 
Average H2S = 4 + 5 +2 = 4.5 ppm 
(4.5 ppm + le x (6S,OOO x 16 hrs) = 4.75 @ 
4.75 i? + 11.23 d/lb = Q .  

Portion of ferm. with measurable H2S = 8 hours 
Average H2S = 7 ppm 
(7ppmilOb)x(66,000~8hrs) =3.7f? 
3.7 @ i 11.23 d/lb = a33 Ib H,S 

.. Fermentatlon #7 

Portion of f e n .  with measurable H,S = 17 hours 
Average H$ = (6 + 4 + 6 + 5 + 4.5) + 5 = 5.1 ppm 
(5.1 ppm i 107 x (66,ooO x 17) = 5.72 rtj 
5.72 f? + 11.23 @/lb = e51 Ib H,S 

(Red) 

- 

’. Factors Used in t h e  Followina C alculations: 
1,100 cfm x 60 = 66,000 cfh 
To calculate the number of VOlUnIeS of gas: pprn H,S is 
divided by 1 ,000 ,000  
H,S = 11 .23  f t3/ lb 
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Ferrnentatlon #8 
(White) 

Portion of ferm. with measurable H,S = 16 hours 
Average H,S = (4 + 1.25) + 2 = 2.6 ppm 
(2.6 ppm i 107 x (sS,OOO x 16) = 2.75 ff 
2.75 ff t 11.23 P/lb = 9 34 Ib H,S 
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Hvdroaen Su lohide Concent ration - 1990 FerrnentatlonS 

time/ 1600 
date I 

Hydrogen Sulphide Concentration - Fermentation #3 (Red) 

1700 

Hydrogen Sulphide Concenttation - Fermentation #4 (Red) 

Hydrogen Sulphide Concenbation - Fermentation #5 (Red) 

4 5 0 II 

1130 I 1855 I 2300 II 
9/16 I 0 
9/17 
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Hydrogen Sulphide Concentration - Fermentation #6 (Red) 

9/21 I 6 4 I 6 5 4.5 

9/19 I 0 I 7 0 

Hydrogen Sulphide Concentration - Fermentation #7 (Red) 

Hydrogen Sulphide Concentration - Fermentation #8 (White) 
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STATE OF CALIFORNIA-CALIF02 W4 ENVlRONhtENTAL PROTECTION 4GENCI  

AIR R E S O U R C E S  BOARD 
PETE WILSON. G o w W  

~~ 

2020 L STREET 

SACRAMENTO. CA 95814.281 5 
Po. BOX 281s 

Mark Boese 
Deputy Air Pollution Control Officer , 

San Joaquin Valley Unified Air Pollution Control District 
1990 Tuolumne Street. Suite 200 
Fresno, Califomia 93721 

Dear Mr. Boese: 

As discussed during our recent telephone conversation, I am writing to provide you with a 
summary of our analysis of the data collected during the pilot studies conducted at the California 
State University, Fresno, and the full scale demonstration srudy conducted at the Gallo Winery in 
Fresno. Based on our analysis, we intend to revise our emission inventory for wineries and revise 
our original estimate of cost effectiveness for controlling winery emissions. 

LD 
b 

. .  \Vi new Ernisston I n  V 

Based on the most recent source test data, the emission factors for white wine 
fermentation is about 1.9 pounds of ethanol emitted per 1,000 gallons of wine fermented. The 
emission factor for red wine is about 4.7 pounds of ethanol emitted per 1,000 gallons of wine 
fermented. These new emission factors are approximately 30 percent less than the emission 
factors that were presented in the technical supporr document for the Air Resources Board's 

-suggested control measure for winery emissions. Therefore, we recommend that the new 
emission factors be used to revise the winery emission inventory. 

C o s t i v e n e s s  tel;pntrol winem- . .  

Based on the new emission factors and our winery tank usage survey, we have 
recalculated the cost effectiveness to control winery emissions. The new cost effectiveness ranges 
from about 640,000 to 6120,000 per ton of emissions reduced. 
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Mr. Mark Boese 
November I ,  1994 
Page Two 

If you have any questions regarding the information that I have.provided or need hrther 
assistance, please call me at (916) 322-6020, or have your staff caU lMr..Gary Yee. Manager, 

~ Industrial Section, Criteria Pollutants Branch, Stationary Source Division, at (916) 327-5986. 

Sincerely, 

Dean C. Sirneroth, Chief 
Criteria Pollutants Branch 

cc: Michael H. Scheible 
Deputy Executive Officer 
Air Resources Board 

Arthur Caputi 
E & J Gallo Winery 
Post OEce Box 1130 
Modesto, California 95353 

I 


